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@ Information recording medium and process for the preparation of the same. 

(St) The Infonnation recording medium comprises a substrate provided with a prepit area and a pregroove 
area, a dye layer on the substrate and a reflecting layer on the dye layer, wherein the dye layer is a 
continuous layer fomried on both the prepit area and the pregroove area, and the prepit area has a high 
modulation degree not less than 50 %. Its emt>odiments are as follows : A medium in which a difference 
l>etween an optical thickness of the dye layer on the bottom portion of a pregroove or a prepit and that 
of the dye layer on the land portion or a portion between prepits is not more than X/8 ; one in which a 
prepit has a half width of 0,2 to 1.4 pm and a depth of 150 to 400 nm, the pregroove has a half width of 0.2 
to 1 .4 Jim and a depth of 70 to 200 nm, the depth of the prepit is larger than the depth of the pregroove by 
not less than X/8 ; and one in which wherein a relationship between a depth of a prepit and a thickness of 
said dye layer on the prepit and that between a depth of a pregroove and a thickness of a dye layer on 
the pregroove satisfies the specific conditions ; and one in which least one of the prepit area and the 
pregroove area may be present in two or nnore places.are disclosed. 



CD 



a. 

LU 



Jouve. 18, nje Saint-Denis. 75001 PARIS 



BNSDOCID: <EP 04677 16A2 I > 



FIG. 1 




BNSDOCIO: <EP 046771 6A2 I > 



EP 0467716 A2 

BACKGROUND OF THE INVENTION 
Field of the Invention 

5 The present invention relates to an infonrriation recording medium for recording and reproducing information 

by means of a laser beam. 

Description of Prior Art 

10 Information recording media using a beam of high energy density such as a laser beam have been 

developed in recent years, and are now put into practical use. The infonnation recording medium is generally 
called "optical disc*, and can be used as a video disc and an audio disc as well as a disc memory for a large- 
capacity computer and a large capacity-static image file. Among these Infonmation recording media, a compact 
disc (i,e., CD) is now widely used as an audio disc for reproducing music or the like. The compact disc is used 

15 only for reproducing information of pit rows having been formed on a substrate in the preparation stage of the 
disc. In other words, the compact disc is prepared by rriolding an appropriate plastic material to form pits in the 
spiral fonm and then providing a metal layer as a reflecting layer on the surface thereof. Accordingly, the compact 
disc is a recording medium for only reproducing information. 

Reading of information from the optical disc is carried out by irradiating the optical disc with a laser beam 

20 under rotation of the disc. The information is reproduced by detecting variation of the amount of a reflected 
light, the variation being caused by presence or absence of the pits on the disc. The compact disc used for 
only reproduction of information is so prepared that the information is read (reproduced) under rotation of the 
disc at a fixed linear speed of 1.2 to 1.4 m/sec according to the predetermined CD standard, and CD is required 
to have a recording time of 74 minutes at longest at a track pitch of 1.6 ^m using a signal-recording areai witiiin 

25 a region between an inner diameter of 46 mm and an outer diameter of 1 17 mm. 

The audio CD is widely used at present as described above. Therefore, commercially available CD players 
for reproducing information from the audio CD are also widely used, so that the audio CD has been reduced 
in the manufacturing cost in virtue of mass production and improved also in the quality similarly. 

Information recording media of DRAW-type (Direct Read After Write-type) or WO (Write Once) which can 

30 be written (recorded) with information have been developed and some of them are put into practical use. The 
infonmation recording medium (i.e., optical disc) of DRAW-type basically comprises a disc-shaped substrate 
made of a plastic material or a glass material and a recording layer made of a metal such as Bi. Sn, In and Te» 
a semi-metal or a dye, which is provided on the substrate. Recording of information on the optical disc can be 
canied out by irradiating the disc with a laser beam. The irradiated area of the reconJing layer of the optical 

35 disc absorbs energy of the laser beam and rise of temperature locally occurs, and as a result, a chemical or 
physical change (e.g., formation of pits) is caused to alter (or change) optical characteristics of the recording 
layer in the irradiated area, whereby information is recorded on the recording layer. Reading (i.e., reproduction) 
of information from the optical disc is also carried out by irradiating the disc with a laser beam, that is. the recor- 
ded information is reproduced by detecting a reflected light or a transmitted light corresponding to the change 

40 in the optical characteristics of the recording layer. 

Irradiation of the optical disc with a laser beam for recording and reproducing infonnation is generally made 
on the predetermined area of the disc surface. In order to accurately track the predetermined area for the irradi- 
ation by guiding the laser beam, the surface of the substrate is generally provided with a pregroove (i.e., tracking 
guide) of depressed shape. The pregroove generally consists of a single groove in the form of spiral or a set 

45 of plural grooves in the form of circle. 

Furttier. there has been proposed an information recording medium having an inner ROM area (prepitarea 
having prepits) which are previously formed on the substrate, and an outer recording area provided with the 
atx)ve-mentioned pregroove on which pits for reproducing information data are to be formed by irradiation with 
a laser beam (see: Japanese Patent Provisional Publication 2(1990)-42652). In this information recording 

50 medium, a dye layer for recording the desired information is provkJed on the outer recording area, while the 
dye layer is not provkled on the prejpit area. In other words, the information recording medium is provided with 
a dye layer only on the recording area and not provided with the dye layer on the prepit area (i.e., ROM area). 
Hence, there is a boundary between the area where the dye layer is provided and the area where the dye layer 
is not provided. That is, the boundary is formed at the inner periphery portion of the dye layer. When a pick-up 

55 generating a laser beam passes over the inner periphery portion of the dye layer, tracking error or focusing 
error occurs owing to great variation of reflectance on the periphery portion. Further, when the dye layer is for- 
med , a thickness of the dye layer at the periphery portion increase, the shape of the periphery does not t>ecome 
a concentric cirde and therefore the shape apt to become ununifonm. 

3 
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SUMMERY OF THE INVENTION 



The present inventors have studied to obtain a infbmnation recording medium which is essentially free from 
the variation of reflectance derived from the boundary (at the inner periphery portion of the dye layer). As a 

5 result, a dye layer is continuously formed on both a prepit area and a pregroove area in such a manner that 
the resulting prepit area shows a modulation degree of not less than 50 %» whereby the above problems have 
been sdved. Further, in the conventional information recording medium, a modulation degree in the pregroove 
area has also been not sufficiently high. Then, by forming the dye layer on the pregroove in the same manner 
as that of the prepit area, the signal recorded on the pregroove area have been reproduced with a high modu- 

10 lation degree. 

It is an object of the present invention to provide an information recording medium provided with a prepit 
area and a pregroove area in which tracking error or focusing enror hardly occurs when a laser beam passes 
over the Ixjundary (at the inner periphery portion of the dye layer). 

It is another object of the invention to provide a process for advantageously preparing an information record- 
15 ing medium having the above-described excellent characteristics. 

There is provided by the invention an information recording medium comprising a disc-shaped substrate 
provided with a prepit area containing prepits and a pregroove area containing a pregroove, a dye layer which 
is provided on the subsh^te. said dye layer being a layer for recording information by forming reproducing pits 
thereon under irradiation with a laser beam, and a reflecting layer made of a metal which is further provided 
20 on the dye layer, wherein the dye layer is a continuous layer formed on both the prepit area and the pregroove 
area, and the prepit area has a high modulation degree not less than 50 %. 

In the invention, modulation degree of the prepit area is defined in the following manner. 

The modulation degree (C) is determined from the maximum intensity and the minimum intensity of the 
reproducing signal by the following formula: 

c = §y^xioo 

SH 

wherein SH is the maximum intensity of the signal, and SL is the minimum intensity of the signal. 

Preferred embodiments of the information recording medium of the invention are the followinq media (A) 
-(D). . ^ 

30 (1) The information recording medium wherein difference between an optical thickness of the dye layer on 

the bottom portion of each of the prepits and that of the dye layer on the portion between the adjoining 
prepits is not more than 7JB. The X being a wavelength of a reproducing laser beam (laser beam to be used 
for reproduction). This medium is hereafter referred to as 'information recording medium (A)". 

(2) The information recording medium (A) wherein difference between an optical thickness of the dye layer 
35 on the bottom portion of the pregroove and that of the dye layer on a land portion is not more than \JQ, 

(3) The information recording medium (A) wherein difference between an optical tiiickness of the dye layer 
on the bottom portion of the prepit and that of the dye layer on the portion between the prepits is not more 
than kIS, X being a wavelengtii of a reproducing laser beam; and difference between an optical thickness 
of the dye layer on the bottom portion of the pregroove and that of the dye layer on a land portion is not 

40 more than xys. 

(4) The information recording medium (A) wherein a difference between an optical thickness of the dye 
layer on the bottom portion of the prepit and that of the dye layer on the portion between the prepits is not 
more than XJ1S. 

(5) The infonmation recording medium (A) wherein the thickness of the dye layer on the land portion and 
45 the portion behAreen the prepits is In the range of 40 to 400 nm. 

(6) The informatton recording medium (A) wherein the pregroove has a half width of 0.2 to 1.4 ^m and a 
depthof5to70nm- 

(7) The infonmation recording medium (A) wherein the prepit has a half width of 0.2 to 1.4 jim and a depth 
of 60 to 300 nm. 

50 (8) The infonmation recording medium (A) wherein the depth of the pregroove is shorter than the depth of 

the prepit by not less than Xyi6 in terms of optical path. 

(9) The information recording medium (A) wherein a ratk) of the reflectance of the bottom portion of the 
pregroove to the reflectance of the mirror portion is not less than 70 %. 

(10) The information recording medium wherein each of the prepits has a half width of 0.2 to 1.4 ^m and 
55 a depth of 150 to 400 nm. and the total optical path of an optical paUi of the substrate and that of tine dye 

layer on the bottom portion of each of the prepits is longer than the total optical path of an optical path of 
the substrate and that of the dye layer on the portion between the prepits by not less than Xfa, This medium 
hereafter is referred to as "information recording medium (B)". 
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(11) The information recording medium (B) wherein each of the prepits has a half width of 0.2 to 1.4 ^m 
and a depth of 150 to 400 nm; the pregroove has a half width of 0.2 to 1,4 jam and a depth of 70 to 200 
nm; the depth of each of the prepits is larger than the depth of the pregroove by not less than UQ in terms 
of optical path; and the total optical path of an optical path of the substrate and that of the dye layer on the 

5 bottom portion of each of the prepits is longer than the total optical path of an optical path of the substrate 

and that of the dye layer on the portion between the prepits by not less than }JB. 

(12) The infomnation recording medium (B) wherein a half width of each of the prepits is in the range of 0.3 
to 1.0 ^m, particularly in the range of 0.35 to 0.7 \xm. 

(13) The Information recording medium (B) wherein a depth of each of the prepits is in the range of 160 to 
10 350 nm. particulariy 170 to 300 nm. 

(14) The infonmation recording medium (B) wherein a half width of the pregroove is in the range of 0.3 to 
1 .0 ^m, particularly in the range of 0.35 to 0.7 \xm, 

(15) The information recording medium (B) wherein a depth of the pregroove is in the range of 80 to 180 
nm, particularly 90 to 160 nm. 

15 (16) The mformation recording medium (B) wherein the total optical path of an optical path of the substrate 

and that of the dye layer on the bottom portion of each of the prepits is longer than the total optical path of 
an optical path of the substrate and that of the dye layer on the portion between the prepits by not less 
thanV4. 

(17) The information recording medium (B) wherein the thickness of the portion between prepits is in the 
20 range of 40 to 400 nm, 

(18) The information recording medium wherein the relationship between a depth of each of the prepits 
and thickness of the dye layer in the prepit area satisfies the following formula (I): 

0,15X^n,dp - ndAtpS0.24X (I) 
and the relationship between a depth of the pregroove and thickness of the dye layer in the pregroove area 

25 satisfies the following formula (II): 

0.02X S n,da - n^\^ S O.OSX (II) 
in which ns represents a refractive index of the substrate, n^ represents a refractive index of the dye layer, 
d^ represents a depth of each of the prepits. Atp represents difference between thickness of the dye layer 
on the txsttom p>ortk)n of each of the prepits and that of the dye layer on the portion between the adjoining 

30 prepits, dg represents a depth of the pregroove. Atg represents difference between thickness of the dye 

layer on the t)ottom portion of the pregroove and that of the dye layer on a land portion, and X represents 
a wavelength of a reproducing laser t>eam. This medium is hereafter referred to as 'information recording 
medium (C)". 

(19) The information recording medium (C) wherein the formula (I) is represented by the following formula 
35 (111): 

0.17X 3S n.dp - n^Atp ^ 0.22X (III) 
in which n„ dp, n^. Atp and X are the same as defined at>ove. 

(20) The information recording medium (C) wherein the formula (II) is represented by the following formula 
(IV): 

40 0.03X S n,dg - n^Atg S 0,SX (IV) 

in which n,, dq, n^. Atq and X are the same as defined above. 

(21 ) The information recording medium wherein the prepit area is divided into two areas which are arranged 
in both skjes of the pregroove area. This medium is hereafter referred to as Information recording medium 
(D)-. 

45 (22) The information recording medium (D) wherein the pregroove area is divided Into two areas which are 

arranged in t>oth sides of the prepit area. 

(23) The information recording medium (D) wherein the prepit area and the pregroove area both are divided 
into two more areas, respectively, and the divided prepit areas and pregroove areas are arranged in side 
by side. 

50 (24) The information recording medium (D) wherein difference between an optical thickness of the dye layer 

on the bottom portion of each of the prepits and that of the dye layer on the portion between the prepits is 
not more than VS. and difference t>etween an optical thickness of the dye layer on the bottom portion of a 
pregroove and that of the dye layer on a land portion is not more than XIB. 

(25) The information recording medium (D) wherein each of the prepits has a half width of 0.2 to 1.4 jim 
55 and a depth of 150 to 400 nm; the pregroove has a half-depth width of 02. to 1.4 |im and a depth of 70 to 

200 nm; the depth of the prepit is larger than the depth of the pregroove by not less than X/B in tenms of 
optical path; and the total optical path of an optical path of the substrate and that of the dye layer on the 
bottom portion of each of the prepits is longer than the total optical path of an optical path of the substrate 



BNSDOCID:<EP 0467716A2 I > 



EP 0 467 716 A2 

and that of the dye layer on the portion between prepits by not less than X/B, 

There is further provided by the invention a process for the preparation of an information recording medium 

comprising the steps of: 

coating a substrate provided with a prepit area containing prepits and a pregroove area containing a pre- 
5 groove with a dye soiutfon having a concentration limit of 99 to 20 % prepared by dissolving a dye in a solvent 
by means of spin coating, the concentration limit being defined as a ratio of a volume of a dye suspension when 
the dye of the dye solution starts to precipitate through evaporation of the solvent from the dye solution at the 
coating temperature to an initial volume of the dye solution; 

drying the coated layer to fonm a dye layer in which a difference between an optical thickness of the dye 
10 layer on the bottom portion of the prepit and that of the dye layer on the area between the prepits when the 
substrate is provided with the prepits, X being a wavelength of a reproducing laser beam; and 
then providing a reflecting layer made of a metal on the dye layer. 
Preferred embodiments of the process for the preparation of an information recording medium according 
to the invention are as follows: 
15 (1) The process for the preparation of an information recording medium wherein the dye layer is provided 

such a manner that difference between an optical thickness of the dye layer on the bottom portion of the 
pregroove and that of the dye layer on the land portion is not more than X/8. X being a wavelength of a 
reproducing laser beam 

(2) The process for the preparation of an information recording nr>edium wherein the dye layer is provided 
20 such a manner that difference between an optical thtekness of the dye layer on the l>ottom portion of the 

pregroove and that of the dye layer on the land portion is not more than V16. 

(3) The process for the preparation of an infonnation recording medium wherein the dye layer Is provided 
such a manner that difference between an optical thickness of the dye layer on the bottom portion of the 
prepit and that of the dye layer on the portion between the prepits is not more than X/16. 

25 (4) The process forthe preparation of an information recording medium wherein a thickness of the dye layer 

on the land potion and the portion between the prepits is in the range of 40 to 400 nm, 

(5) The process for the preparation of an infonnation recording medium wherein the pregroove has a half 
width of 0.2 to 1 .4 ^im and a depth of 5 to 70 nm. 

(6) The process for the preparation of an information recording medium wherein each of the prepits has a 
30 half width of 0.2 to 1 .4 jam and a depth of 60 to 300 nm. 

(7) The process for the preparation of an information recording medium wherein the depth of the pregroove 
is shorter than the depth of the prepit by not less than X/16 in terms of optical path. 

(8) The process for the preparation of an information recording medium wherein the concentration limit of 
the dye solution is in the range of 90 to 50 %. 

3S (9) The process for the preparation of an infonmation recording medium wherein the solvent is a single sol- 

vent. 

(10) The process for the preparation of an information recording medium wherein the solvent is a mixture 
of a good soh/ent for a used dye (preferably a solvent capable of dissolving the used dye in an amount of 
not less than 2 wt.% at a coating temperature) and a poor solvent for the used dye having compatibility 

40 with the good solvent (preferak»iy a solvent not dissolving the used dye in an amount of not less than 2 wt.% 

at a coating temperature). 

(11) The process for the preparation of an infonmation recording medium wherein a concentration of the 
dye in the dye solution is in the rang of 0.5 to 15 wt%. 

(12) The process forthe preparation of an information recording medium wherein the dye solution is coated 
45 on the substrate under rotation of the subsb^te at 300 to 10.000 r.p.m. at a temperature of 0 to 100 **C. 

In the information recording medium of the invention having both of a prepit area and a pregroove area on 
a substrate, the dye layer is formed continuously on both tiie pregroove area and the prepit area, and the dye 
layer on the prepit area is so fom^ied as to exhibit a modulation degree of not less than 50 %. Therefore, any 
edge portion of the dye layer is not present at the boundary area (gap) between the prepit area and the preg- 
50 roove area, so that the aforementioned problem such as tracking error or focusing error hardly occurs. 

Further, the signal reproduced from the medium shows high modulation degree and high reflectance and 
satisfies CD standard in the prepit area. Thus, the infonmation recording medium shows very excellent charac- 
teristics. 

In addition, a dye layer is fonrod on both a prepit area where prepits have been formed and a recording 
55 area (a pregroove area) where a pregroove has been fonn, and the signal produced from the prepit area satis- 
fies CD standard. Accordingly, the information recording medium of the invention may be applied to a wide var- 
iety of uses without limitatfon on the kind of application software system and utilization thereof. 

Particulariy, in the information recording medium (A) of the embodiment according to the present invention. 
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difference behveen an optical thickness of the dye layer on the bottom portion of the prepit and that of the dye 
layer on the portion between the prepits is small/so that the depth of a depression on the surface of the dye 
layer is siiffidehtiyl^ depth of the prepit is made srr^ll/Fur^^^ between an ofstical 

thickness of the dye layer on the bottom portion of the pregroove and that of the dye layer on the land portion 
5 is small, so that the depth of a depression on the surface of the dye layer is suffidently large even when the 
depth of the pregroove is made small. Accordingly, there can be obtained reproduced signal showing high 
modulatton degree of not less than 50 % and high reflectance and satisfying CD standard in both the prepit 
area and the pregroove area after the medium is irradiated with a laser beam to record infomnation thereon, 
and the medium is excellent in the tracking properties. Thus, the information recording medium shows very 

10 excellent characteristics. 

Moreover, in the case that the information recording medium (B) of the embodiment according to the inven- 
tion has both of a prepit area and a pregroove area, the dye layer is formed continuously on both the prepit 
area and the pregroove area. Therefore, the signal reproduced from the prepit area and a pregroove area 
recording medium shows the similar excellent effects as those of the medium (A). Further, the information 

IS recording medium (B) of the invention is provided with prepits of specific shape, so that the medium can be 
easily prepared by forming a dye layer on the substrate utilizing conventional methods. 

In the other hand, the infonmatJon recording medium (C) of the embodiment according to the invention is 
prepared such a manner that the relattonship between the depth of the prepit and the thickness of a dye layer 
in the prepit area and a relationship between the depth of the pregroove and the thickness of the dye layer in 

20 the pregroove area satisfies the above specific conditions (formulae (I) and (II)). Such information recording 
medium is can be easily prepared and exhibits a high modulatton degree of not less than 50 %, a high reflect- 
ance and excellent tracking property. 

In more detail. In the case of using a substrate having a new format, depths of its prepit and pregroove are 
substituted into the above fonmuiae to obtain thicknesses of a dye layer appropriate for the new substrate, 

25 whereby a medium having a high modulation degree and reflectance can be easily prepared. In the case that 
thk:kne$ses of a dye layer formed on a pregroove and prepit using a dye solution is known, the thicknesses 
are subsb'tuted into the at>ove fonmuiae to obtain depths of prepit and pregroove appropriate for the dye solutton, 
whereby a medium having a high modulation degree and reflectance can be easily prepared, too. 

Furthenmore, the information recording medium (D) of the embodiment according to the present invention 

30 has the features of above-mentioned media, so that the medium is a disc of CD compatible type capable of 
being additionally recorded with inforrotion, and shows such prominentiy excellent effects that applicable 
embodiments and applicable fields can be extremely widened, a burden of a hardware system can be mitigated 
and the medium can be easily and efTtcientiy prepared. 

In more detail, the information recording medium (D) has a plurality of prepit areas and pregroove areas 

35 provided separately, so that the medium shows various effects. For example, an access time can be shortened 
because the access distance of a pick-up is short: gap-controlling is unnecessary; troublesome controlling for 
accurately coating a dye solution from a gap area whose position varies depending on the number or size of 
the title program is unnecessary during the procedure for forming a dye layer in the preparation of the optical 
disc: variation of reflectance is very littie all over the disc, so that a burden of a hardware system can be miti- 

40 gated; the number of copy procedures can be restricted; the recording area can be enlarged; and ail procedures 
can be done In the area having continuous optical characteristics, so that a burden of a hardware system can 
be mitigated. 

The process for advantageously preparing an information recording medium according to the invention 
shows such an excellent effect that the process can easily prepare an infomnation recording medium having 
4$ the above-mentioned excellent characteristics utilizing the same means as that conventionally employed 
excepting a use of a solutton for forming a dye layer having specific properties which is prepared under control 
of a kind of a solvent and a concentration of a dye. 

BRIEF DESCRIPTION OF DRAWINGS 

so 

Fig. lis a secb'onal view schematically showing a part of a section of one example of the information record- 
ing medium (A) according to the invention at the prepit area. 

Fig. 2 is a sectional view schematically showing a part of a section of one example of the infonmation record- 
ing medium (A) according to the invention at the pregroove area. 
55 Fig. 3 is a sectional view schenr^atically showing a part of a section of a conventional information recording 

medium at the prepit area. 

Fig. 4 is a sectional view schematically showing a part of a sectton of one example of the information record- 
ing medium (B) according to the invention at the prepit 

7 
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Fig. 5A is a sectional view schematically showing a part of a section of one example of the information 
recording medium (C) according to the invention at the prepit 

Fig; 5B are a sectional view schematically shdwing 
recording medium (C) according to the invention at the pregroove. 
5 Figs. 6A to 6E are schematic views showing a structure of the prepit portion and the pregroove portion and 

a format thereof comprising the information area and the recording area in the information recording medium 
(D) according to the invention. 

Fig. 7 is a schematic view showing a structure of the prepit portion, the gap portion and the pregroove por- 
tion and a format thereof comprising the information area and the recording area in the information recording 
10 medium (D) according to the invention. 

Figs. SA to 8G are schematic views showing a structure of the prepit portion and the pregroove portion 
and a fonnat thereof comprising the control information area, the infonmation area and the end area in the infor- 
mation recording n>edlum (D) according to the invention. 

Figs. 9A to 9C are schematic views showing a structure of the prepit portion and the pregroove portion and 
15 a fonmat thereof comprising the control infomialion area and the ROM area in the information recording medium 
(D) according to the invention. 

Ffgs. 10A to 10D are schematic views showing a structure of the prepit portion and the pregroove portion 
and a format thereof comprising the infonmation area, the Q area and the recording area in the information 
recording medium (D) according to the invention. 

Figs. 11A to 11G are schematic views showing a structure of the prepit portion and the pregroove portion 
and a format thereof applicable to the conventional information recording medium. 

DETAILED DESCRIPTION OF THE INVENTION 

The infonmation recording medium of the invention has a basic structure comprising a substrate provided 
with a pregroove area containing a pregroove and a prepit area containing prepits, a dye layer and a reflecting 
layer made of a metal, provided in this order. Further, the dye layer is a continuous layer formed on both the 
prepit area and the pregroove area» and the prepit area has a high modulation degree not less than 50 % (pref- 
erably not less than 60 %). 

As embodiments of the infonmation recording medium in which the prepit area shows a modulation degree 
of not less than 50 %. there are mentioned the Information recording media (A), (B), (C) and (D) as described 
above. 

At first, the information recording medium (A) is prepared in the following manner. 

A material of the disc-shaped substrate employable in the invenUon can be selected from any materials 
which have been employed for substrates of the conventional information recording media. Examples of the 
substrate materials include glasses, acrylic resins (e.g., polymethyl methacrylate). vinyl chloride resins (e.g., 
polyvinyl chloride and vinyl chloride copolymer), epoxy resins, polycarbonate resins, amorphous polyolefins 
and polyesters. From the viewpoints of optical characteristics, surface smoothness, processing properties, 
handling properties, stability with time and manufacturing cost, preferred are polycarbonate, polyolefin, glass 
and polymethyl methacrylate. 

On the surface of the substrate where the dye layer is to be provided, an undercoat layer may be provided 
to improve surface smoothness of the substrate, to enhance adhesion between the substrate and the recording 
layer, to improve resistance of the substrate to solvents and to prevent denaturing of the recording layer. Exam- 
ples of materials for the undercoat layer include polymer materials such as polymethyl methacrylate, acrylic 
acid/methacryllc acid copolymer, styrene/maieic anhydride copolymer, polyvinyl alcohol, N-rnethylol 
acryiamide, styrene/sulfonic add copolymer, styrene/vinyl toluene copolymer, chlorosulfonated polyethylene, 
nitrocellulose, polyvinyl chloride, chlorinated polyolefin, polyester, polyimide, vinyl acetate/vinyl chloride 
copolymer, ethylene/vinyl acetate copolymer, polyethylene, polypropylene, polycarbonate and epoxy resin; 
organic materials such as silane coupling agent and titanate coupling agent; and inorganic materials such as 
inorganic derivative (e.g., SiOj. ZnS, AIN and Si3N4) and inorganic fluoride (e.g.. MgFJ. 

The undercoat layer can be fomied on the substrate, for example, by dissolving or dispersing the above- 
mentioned material in an appropriate solvent to prepare a coating solution or dispersion, and applying the coat- 
ing solution or dispersion to the surface of the substrate using known coating methods such as spin coating, 
dip coating and extrusion coating. The thickness of the undercoat layer is generally in the range of 0.005 to 20 
^m, preferably in the range of 0.01 to 10 jim. 

In the invention, the surface of the substrate (or surface of the undercoat layer) is provided with a pregroove 
(tracking groove) for the purpose of favorably conducting tracking in the recording or reproducing stage. Further, 
the surface of the substrate (or surfece of the undercoat layer) is provided with prepits (prepit area) where varC 
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ous information such as Infonmation of application software systems and address signal has been before-hand 
recorded. 

In the infonnatfon recording medium (A), each of the prepits has a shape preferably having a depth (i.e., 
di in Fig. 1 of the attached drawings) in the range of 60 to 300 nm and a half width (i.e.. width of prepit at the 

5 depth of 1/2 of a depth of prepit) in the range of 0.2 to 1.4 ^m, more preferably a depth of prepit in the range 
of 70 to 250 nm and a half width of prepit in the range of 0.3 to 1 .0 ^m, most preferably a depth of prepit in the 
range of 90 to 200 nm and a half width of prepit in the range of 0.4 to 0.7 

The pregroove has a shape preferably having a depth (i.e., 62 in Fig. 2 of the attached drawings) in the 
range of 5 to 70 nm and a half width (i.e., width of pregroove at the depth of 1/2 of a depth of pregroove) in the 

10 range of 0.2 to 1.4 lun, more preferably a depth of pregroove in the range of 15 to 60 nm and a half width of 
pregroove in the range of 0.3 to 0.7 ixm, nrost preferably a depth of pregroove in the range of 20 to 50 nm and 
a half width of groove in the range of 0.35 to 0.6 ^m. The pregroove may be subjected to wobbling for the pur- 
pose of addressing or controlling a linear speed. 

The depth of the pregroove is preferably shorter than the depth of each of the prepits by not less than X/16 

IS (X. means a wavelength of a reproducing laser beam, and has the same meaning hereinafter) in terms of optical 
path, more preferably shorter by not less than X/14, most preferably shorter by not less than JJ^ 2. The reason 
is that if the depth of the pregroove is made the same as that of the prepit which has sufficiently high modulation 
degree, the reflectance of the pregroove becomes too low. 

If the substrate matenal is plastic, it is preferred to form the pregroove or the pregroove and the prepits 

20 directly on the surface of the substrate by subjecting the material to injection molding, extrusion molding or the 
like. Further, a pregroove layer for forming the pregroove and the prepits may be provided on the surface of 
the substrate. 

As materials of the pregroove layer, there can be employed a mixture of at least one monomer (or oligomer) 
selected from the group consisting of nnonoester, diester, triester and tetraesterof an acrytic acid and a photo- 

25 pdymerization initiator. 

The pregroove layer can be fomrjed on the substrate by the process described below. In the first place, a 
mixture liquid of an acrytic acid ester and a photopolymerization initiator is coated on a precisely prepared stam- 
per, and on the coated layer of the liquid is placed a substrate. Then, the coated layer is cured under in^diation 
with ultraviolet rays via the substrate or the stamper so as to fix the substrate to the coated layer. Thereafter, 

30 the substrate is separated from the stamper. Thus, a substrate provided with a pregroove layer can be prepared. 
The thickness of the pregroove layer is generally in the range of 0.1 to 100 \xm, preferably in the range of 0.1 
to 50 Jim. 

On the substrate provided with the pregroove and the prepits (or on the pregroove layer), a solvent-resistant 
layer may be provided using the same material as that for the aforementioned undercoat layer to protect the 
35 substrate from a solvent contained in a coating solution for the formation of a dye layer. 

A dye layer is provided on the substrate or the undercoat layer. The infonmation recording medium is 
irradiated with a laser beam from the substrate side to form reproducing pits on the dye layer, whereby infor- 
mation is recorded on the dye layer. Accordingly, the dye layer fonmed on the pregroove area of the substrate 
serves as a recording layer. 

40 There is no specific limitation on the dye employable in the invention, and any dyes can be employed. Exam- 

ples of the dyes include cyanine dyes, phthalocyanine dyes, naphthalocyanine dyes, pyrrilium dyes, thiopyr- 
riliurh dyes, azulenium dyes, squal ilium dyes, metal complex dyes (e.g., Ni and Cr), naphthoquinone dyes, 
anthraquinone dyes, indopheno) dyes, indoaniline dyes, triphenylmethane dyes, triallymethane dyes, aminium 
dyes, diinmonium dyes, nitroso dyes, leuco dyes and chloconium dyes. 

4S These dyes nnay be of either a WO (Write Once) type (I.e., DRAW type) or a RW (Rewritable) type (i.e., a 

reversible type). 

Preferred are dyes having high absorption for a light within near infrared region of 700 to 900 nm, because 
a semi-conductor laser releasing near infrared rays is practically utilized as a recording and reproducing laser. 
Particulariy, cyanine dyes, azulenium dyes and squalilium dyes are preferred, and among the cyanine dyes. 
50 naphthoindolenine dyes and imidazoquinoxaline dyes are preferred. 

These dyes may be employed singly or in combination. In the case of using a cyanine dye, it is prefenred 
to use the above-mentioned metal complex dye, aminium dye or diinmonium dye as a quencher in combination 
with the cyanine dye. In this case, the metal complex dye or the like is used as a quencher preferably in an 
amount of 0.001 to 0.3 mole per 1 mole of the total amount of the dyes. 
55 The information recording medium (A) of the embodiment is characterized in that a difference between the 

optical thickness of the dye layer on the bottom portion of each of the prepits and the optical thickness of the 
dye layer on the portion between the prepits is not more than X/8. in a prepit area. The infomrtation recording 
medium (A) preferably has a pregroove area characterized in that a difference between the optical thickness 
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of the dye layer on the bottom portion of each of the pregroove and the optical thickness of the dye layer on 
the land portion is not more than XJS, Such thicknesses of the dye layer result in a high modulation degree of 
not less than 50 %. 

The optical thickness of the dye layer in the above infonmation recording medium (A) is described in detail 
5 hereinafter referring to the attached drawings. 

Fig. 1 is a sectional view schematically illustrating a part of a section of one example of the information 
recording medium (A) according to the invention at the prepit area. Fig. 2 is a sectional view schematically illus- 
trating a part of a section of one example of the information recording medium (A) according to the invention 
at the pregroove area. Fig. 3 is a sectional view schematically illustrating a part of a section of a conventional 
10 information recording medium at the pregroove area. 

In Fig. 3, on a surface of a substrate 31 made of plastic is formed a dye layer 32 made of a dye, and on 
the dye layer 32 is formed a reflecting layer 33 made of a metal. The substrate 31 is provided with a prepit 34. 
The dye layer 32 is a layer prepared by coating a solution for the fonmation of a dye layer having been prepared 
by dissolving a dye in a solvent onto the substrate through spin coating and drying the coated layer. The thick- 
15 ness te of the dye layer 32 on a bottom portion 36 of the prepit 34 is larger than the thickness U of the dye layer 
32 on a portion 35 between the prepits of the substrate 31. As a result, the deptii of a depression (pit-shaped 
portton) on the intert'ace between the dye layer 32 and the reflecting layer 33 becomes smaller than the depth 
da of the prepit 34. Hence, there arises such a problem that a phase difference between the upper part of the 
depression (prepit) of the dye layer 32 and the bottom part thereof becomes smaller, whereby the modulation 
20 degrees of the prepits become low. 

In the case that the dye layer is formed in the same manner as the above oh a pregroove area instead of 
tiie prepit area, there arises the similar problem. That Is, when a recording pit is formed on the pregroove under 
irradiation with a laser beam to record information, a phase difference between the upper part (con-esponding 
to the land portion of the substrate) of the depresston of the dye layer and the bottom part thereof becomes 
25 smaller, whereby the nxxJulatton degrees of the recording pits become low. For coping with this problem, the 
depth of the prepit or pregroove is conventionally made large. However, if the depth of the prepit or pregroove. 
especially pregroove, is made too large, the reflectance of the pregroove portion decreases. 

In Fig. 1, on a surface of a substrate 11 made of plastic is formed a dye layer 12 made of a dye, and on 
the dye layer 12 Is formed a reflecting layer 13 made of a metal. The subsb^te 1 1 is provided with a prepit 1 4. 
3o The dye layer 12 is a layer prepared by coating a solution for the fonmation of a dye layer having a specific 
property which has been prepared by dissolving a dye in a solvent onto the substrate through spin coating and 
drying the coated solution. A method for preparation of the above dye solution is hereinafter described. A dif- 
ference between the optical thickness {n^ h) of the dye layer 12 on a bottom portion 16 of the prepit 14, that is, 
nrtz (n is a refractive index of the dye layer and t2 is a thickness of the dye layer 12 on the bottom portion 16)! 
35 and the optical thickness (nrti) of the dye layer 12 on the portion 15 between the prepit and its adjoining prepit 
of the substrate 11, that is, n^ti (n, is a refractive index of the dye layer and t, is a thickness of the dye layer 
12on\he portion 15 between prepits), is not rnore than As a result, the depth of a depression on the interface 
between the dye layer 12 and the reflecting layer 13 is made the same as the depth d, of the prepit 14 or smaller 
tiian the deptii di of the prepit 14 by approx, not more than XJB in terms of optical thickness, and therefore a 
40 phase difference between tiie surface of the dye layer 12 on tiie bottom portion of the prepit and that of the 
dye layer 12 on the portion between the prepits is large, resulting in high modulation degree of the prepits. 
Therefore, even if the dye layer is formed on tiie prepit area of the substrate, the prepits of the substrate can 
be reproduced with a high modulation degree of not less than 50 %. 

Difference between n^ t, and n^ tj is preferably not more than XJM, more preferably not more than X/13. 
45 mostpreferably notmore thanxyie. 

in Rg. 2. on a surface of a substrate 21 made of plastic is formed a dye layer 22 made of a dye. and on 
the dye layer 12 Is formed a reflecting layer 23 made of a metal. The substrate 21 is provided witii a pregroove 
24. The dye layer 22 is a layer prepared by coating a solution for the fonmation of a dye layer having tiie above 
specific property on the subsfrate tiirough spin coating and drying the coated solution. A difference between 
50 the optical thickness {nrU) of the dye layer 22 on a bottom portion 26 of the pregroove 24, that is, U (n. is a 
refractive index of ttie dye layer and t* is a thickness of the dye layer 22 on the bottom portion 26), and the 
optical thickness (nrta) of the dye layer 22 on a land portion 25 of Uie substrate 21 , that is, n^ tj (n^ is a refractive 
index of tiie dye layer and tj is a thickness of tiie dye layer 22 on the land portion 25), is not more tiian X/8. As 
a result, the depth of a depresston (groove-shaped portion) on the interface between the dye layer 22 and the 
55 reflecting layer 23 is the same as the depth dz of the pregroove 24 or smaller than the depth dj of the pregroove 
24 by approx. not more than %JB in terms of optical thickness, and therefore a phase difference between the 
surface of the dye layer 22 on the bottom portion and that of the dye layer 22 on tiie land portion is large, resulting 
in high modulation degree of the recording pits. When difference between n.-t, and n^t* is made as mentioned 
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above, the depth dj of the pregroove 24 can be made small, and thereby the reflectance of the groove portion 
increases. 

Difference between n^ tj and n^t* is preferably not more than X/11. more preferably not more than xyi3 
most preferably not more than xyi6. 
5 A ratk) of the reflectance of the bottom portion of the pregroove to that of the mirror portion is preferably 

not less than 70 %, more preferably not less than 80 %, most preferably not less than 90 %. For increasing the 
ratio of the reflectance of the l>ottom portion to that of the minror portion, it is generally effective that a difference 
between the optical path of the bottom portion and the optical path of the land portion is made small. 

In the information recording medium (A), a reflecting layer is further formed on the above-mentioned dye 
10 layer, but the effect given by the formation of the dye layer having specific relationship in the optical path as 
described abcye is also brought about an information recording medium without a reflecting layer. 

In the relationship between the pregroove and the prepil, the depth d, of the pregroove is smaller than the 
depth of 62 of the prepit preferably by not less than XJ^ 6. more preferably by not less than X/14, most preferably 
by not less than Xl^2, in tenms of optical path (n-d; n is a refractive index of the substrate and d is a depth thereoQ. 
IS The thickness of the dye layer on the land portion and on the portion between the prepits is preferably in 

the range of 40 to 400 nm, more preferably in the range of 60 to 300 nm, most preferably in the range of 80 to 
250 nm. 

The dye layer having specific optical path in the infonmation recording medium (A), that is, a dye layer hav- 
ing such specific optical thickness that difference between the optical thickness of the dye layer on the bottom 
20 portion of the pregroove and the optical thickness of the dye layer on the land portion is not more than X/8, 
and/or difference between the optical thickness of the dye layer on the bottom portion of the prepit and the opti- 
cal thickness of the dye layer on the portion t)etween prepits is not more than xy8, can be prepared by a process 
for ihe preparation of the information recording medium of the invention. 

In the process of the invention, the formation of the dye layer is conducted by dissolving the aforementioned 
25 dye In a solvent to prepare a dye solution, then coating the dye solution over the surface of the substrate by 
means of spin coating and drying the coated layer of the dye solution. 

The dye solution used in the process of the invention is a dye solution having specific property, that is, the 
dye solution has a concentration limit of 99 to 20 %. In this specification, the tenms "concentration limrT are 
. defined as a ratio of a volunne of a dye suspension when the dye of the dye solution starts to precipitate through 
30 evaporation of the solvent fipom the dye solution at the coating temperature to an initial volume of the dye sol- 
utton. For example, when a dye solution prepared by dissolving a dye in a solvent is kept at a coating tempera- 
ture for forming a dye layer to evaporate the solvent from the dye solutton, the volume of the dye solution dec- 
reases in accordance with the evaporation of the solvent, and the dye contained in the dye solution soon comes 
to be precipitated. A dye-solution in which the volume of the dye solution (dye suspension in a strict sense of 
35 the word) when the dye starts to precipitate is 90 % of the volume of the initial dye solution, is refen-ed to a dye 
solution of a concentration limit of 90 %. 

Accordingly, the concentration limit of the dye solution varies depending on various conditions such as corrv 
bination of a dye and a solvent (single solvent or mixture solvent), kinds and ratio of solvents when two or more 
solvents are used, dye concentration in the dye solution and a coating temperature. Therefore, a specific con- 
40 centration limit of a dye solutton cannot be determined for a specifK: dye in the same rule. However, a dye sol- 
ution having a desired concentration limit can t>e easily prepared by the skilled in the art by way of varying the 
above-mentioned conditions. 

The dye solutkDn used in the process of the invention generally has a concentration limit of 99 to 20 %. 
preferably 99 to 30 %, more preferably 95 to 40 %. most preferably 90 to 50 %. When the concentration limit 
45 of the dye solution is more than the upper limit of the above-mentioned range, the thickness of the dye layer 
becomes ununiform. When the concentration limit of the dye solutk^n is less than the lower limit of the al>ove- 
mentioned range, difference between the optical thtekness of the dye layer on the bottom portion of a pregroove 
and that of the dye layer on the land portion, or both the above difference and difference between the optical 
thickness of the dye layer on the bottom portion of a prepit and that of ttie dye layer on the portion between 
' 50 prepits. becomes larger. ' 

The solvent used for preparing the above-mentioned dye solution may be either a single solvent or a mbcture 
solvent of two or more kinds, provided that the solvent satisfies the concentration limit of the dye solution. When 
the solvent Is a mixture solvent, the mbcture solvent is preferably a mixture of a good solvent for the used dye 
(preferably a solvent capable of dissolving the used dye in an amount of not less than 2 wt% at a coating tem- 
55 perature) and a poor solvent for the used dye (preferably a solvent not dissolving the used dye in an arrxjunt 
of not less than 2 wt% at a coating temperature). In this case, it is required that the good solvent and the poor 
solvent are compatible with each other, and the evaporation speed of the poor solvent is not higher than the 
evaporatiorl speed of the good solvent at the coating temperature. As the amount of the poor solvent increases. 
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the concentration limit generally becomes larger. 

Examples of the solvents indude aromatic hydrocarbon solvents such as benzene, toluene, xylene and 
ethyl benzene; aliphatic hydrocarbon solvents such as hexane. octane, nonane and cyclohexane; organic acid 
solvents such as acetic acid; ester solvents such as ethyl acetate, butyl acetate, amy! acetate, and ethylene 

5 glycol monoethyl ether acetate (cellosolve acetate); ketone solvents such as acetone, methyl ethyl ketone, 
methyl isobutyl ketone, diisobutyl ketone and cyclohexanone; halogenated hydrocart>on solvents such as 
dichloromethane. 1.2-dichloroethane, chlorofonm, methyl chloroform, trichloroethylene (bichlene), carbon tet- 
rachloride andtetrachloroethylene; ether solvents such as tetrahydrofuran. ethyl ether, isopropyl ether, dioxane 
and daigrime; alcohol solvents such as ethanol, n-propanol, iso-propanol» n-butanol. amyl alcohol, diacetone 

10 alcohol, ethylene glycol monomethyi ether, ethylene glycol monoethyl ether, ethylene glycol nnonobutyt ether, 
propylene glycol monomethyi ether and benzyl alcohol; amide solvents such as dimethyifomnamide; and fluo- 
rine-containing solvents such as fluorinated alcohol (e,g., 2,2,3,3-tetrafluoropropanol), fluorine-substituted 
ketone, foluorine-substituted ester, fluorine-substituted amide, fluorine-substituted ether, fluorine-substituted 
aromatic hydrocarbon and fluorine-substituted aliphatic hydrocarbon, 

15 The concentration of the dye in the dye solutton is not specifically limited in the process of the invention, 

provided that the dye solution satisfies the above-menltoned concentration limit However, the concentration 
of the dye in the dye solution is generaly 0.5 to 15 wL%. preferably 1 to 10 wt.%, more preferably 1.5 to 8 wL%, 
nr>ost preferably 1.5 to 5 wt%, from the viewpoint of convenience in handling thereof and the formation of a 
dye layer of uniform thickness on the substrate through spin coating. 

20 The coating solution may further contain various additives such as an antfoxidant, a UV-absorbent. a plas- 

ticizer and a lubricant according to the purpose. 

In the case of using a binder, examples of the binders include natural organic polymer materials such as 
oelatin. dextran. rosrn and rubber: and -synthetic organic pofymer materials such cellulCwC dcrivstiva (a g 
cellulose acetate and nitrocellulose), hydrocarbon resins (e.g., polyethylene, polypropylene, polystyrene, 

25 polyisobutylene and chlorinated polyethylene), vinyl resins (e.g., polyvinyl chloride, polyvinylidene chloride! 
polyvinyl chloride/polyvlnyf acetate copolymer and polyvinyl alcohol), acrylic resins (e.g., pdymethyl acrylate 
and polymethyi methacrytate), and precondensates of thermosetting resins (e.g., epoxy resin, butyral resin, rub- 
ber derivative and phenoUformaldehyde resin). 

Coating of the above-mentioned dye solution over the sut>slrate by means of spin coating can be conducted 

30 utilizing known coating devices and known coating methods. The dye solution is coated over the substrate at 
a temperature of generally 0 to 1 00 preferably 5 to 80 "C. more preferably 1 0 to 60 *C. The rotation of the 
substrate is cam'ed out at generally 10 to 1,000 r.p.m., preferably 100 to 500 r.p.m., in the case of coating the 
dye solution over the substrate, and the rotation thereof Is canied out at generally 300 to 10.000 r,p.m., pref- 
erably 500 to 7,000 r.p.m., more preferably 700 to 4,000 r.p.m., in the case of drying the coated layer of the 

35 dye solution. 

In the infomnation recording medium (A), an enhancing layer may be provided between the dye layer and 
a reflecting layer which is optionally provkied, to enhance the reflectance. 

The material for forming the enhancing layer is preferably a material having a glass transition temperature 
of 60 to 400 •C. preferably 100 to 300 *C, more preferably 100 to 250 'C; a melting point of 60 to 500 pref- 

40 erably 100 to 400 *C, more preferably 100 to 350 •C; a boiling point or a decomposition point of 80 to 600 -^C, 
preferably 1 20 to 500 «*C, more preferably 1 20 to 450 'C; a refractive index (n) at the wavelength the reproducing' 
laser beam of 1.1 to 1.8. preferably 1.2 to 1.7. more preferably 1.3 to 1.6; and an extinction coefficient (k) of 
not more than 0.3, preferably not more than 0.1. As the material forfonning the enhancing layer, any organic 
materials and any inorganic materials can be employed, provided that they have the above-described proper- 

45 ties. 

The enhancing layer can be fonmed by means of deposition, sputtering, etc. However, rt is preferred to form 
the enhancing layer by coating a solution containing the above-mentioned material and drying the coated sol- 
utfon, because the layer can be fonmed easily and economically. Accordingly, materials preferably used for 
fomning the enhancing layer are those capable for forming the layer by a coating method, for example, 

50 polybutadiene, silicone resins and fluorine-containing resins. 

There is no specific limitation on the coating nr>ethod for fomning the enhancing layer, and any conventionai 
coating methods can be employed. For example, a material forfonning enhancing layer is dissolved in a solvent 
to prepare a coating solutton, then the solution is coated on the dye layer by means of spin coating or the like, 
and the coated solution is dried to remove the solvent so as to fonn the enhancing layer. The thickness (dimen- 

55 sional filnvthickness) of the enhancing layer on the bottom portion of the prepit sometimes becomes larger than 
that of the enhancing layer on the portion between prepits, but even in this case, the optical fHm-thickness of 
the enhancing layer on the bottom potion and that of the enhancing layer on the portion between prepits are 
almost the same, because the refractive index of the enhancing layer is small. In the infomiation recording 
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medium (A), accordingly, the provision of the enhancing layer does not give any adverse effect on reproduction 
of the prepit signal, and the reflectance can be enhanced. 

The enhancing layer preferably has a thickness of 50 to 600 nm both on the bottom portion of the prcgroove 
and the bottom portion of the prepit and a thickness of 50-to 600 nm both on the land portion and the portion 
5 between prepits. 

In the information recording medium (A) of the inventian, a reflecting layer is further provided on the dye 
layer. 

Examples of materials employable for the reflecting layer include metals and semi-metals such as Be B 
C, Sc. Rb, Sr, As , Os, Tl, At, Fr. Ra, Mg, Se, Y. Tl, Zr. Hf. V, Nb, Ta, Cr, Mo. W, Mn, Re. Fe, Co, Ni, Ru, Rh! 
10 Pd, Ir. Pt, Cu, Ag. Au, Zn, Cd, AI, Ga, In, SI, Ge. Te, Pb. Po, Sn, Bi and Sb. C, Au, 2n, Cu, Pt. A), Ni, In and 
stainless steel are preferred. These materials can be employed singly or in combination. Alloys thereof can be 
also employed in the inventran. 

The reflecting layer can be fomied on the dye layer, for example, by depositing, sputtering or ion plating 
the above-men boned light-reflecting material on the dye layer. Particulariy. it is preferred to fonn the reflecting 
15 layer by means of sputtering. The thickness of the reflecting layer is generally in the range of 10 to 300 nm 
preferably in the range of 40 to 200 nm. 

When a reflecting layer made of precious metal is provided as the reflecting layer, a metal-adherent layer 
such as an Al-adherent layer or an organic material-adherent layer can be provided thereon. 

On the reflecting layer, a protective layer may be provided to physically and chemically protect the whole 
20 resulting infbn:nalion recording medium, particulariy the dye layer and the reflecting layer. The protective layer 
may be also provided on the surftice of the substrate where the dye layer is not provided, to improve damage 

resistance and nrralsture resistance. - 

As materials of the protective layer, there can be mentioned inorganic materials such as SiO, SiOj, SisN*. 
MgF2 and SnOa and organic materials such as thenmoplastic resins, thermosetting resins and UV-curable 
25 resins. UV-curable resins are preferred. 

The protecth^e layer can be fonmed, for example, by dissolving a thennoplastic resin, a thennosetting resin, 
etc. to prepare a coating solution, then coating the solution over the reflecting layer, and drying the coated layer 
of the solution. In the case of using a UV-curable resin, the resin ger se or a solution of the resin in an appropriate 
solvent is coated over the reflecting layer, and the coated layer is in-adiated with ultraviolet rays to cure the 
30 layer so as to fonm a protective layer. As tiie UV-curable resin, there can be employed generally known UV- 
curable resins which are mixtures of oligomers of (meth)acrylates such as uretiiane (meth)acry!ate, epoxy 
(meth)acrylate, polyester (meth)acrylalB, monomers such as (rT>eth)acrylicesters and photoinitiators. The coat- 
ing solution for the formatkDn of a protective layer may further contain a variety of additives such as an antistatic 
agent an antioxidant and a UV-absorbent according to the purpose. Among the above-mentioned materials. 
"35 UV-curable resin is preferably employed as the material of the protective layer. 

The thickness of the protective layer is generally in the range of 0.1 to 100 ^m, preferably in the range of 
0.5 to 20 nm. 

Other than the above-described methods, the protective layer can be formed by a method of laminating a 
plastic flim having been obtained by extrusion processing of a plastic material on the reflecting layer via an 
40 adhesive layer. Otherwise, the protective layer can be also formed by depositing or sputtering the above inor- 
ganic materials. 

Recording of infomnation on tiie information recording medium (A) of the embodiment according to the 
irivention is conducted by inradiating the bottom portion of tiie pregroove witti a laser beam from the substrate 
side under rotation of the medium at a fixed linear speed (preferably 1 .2 - 2,8 m/sec, more preferably 1 .2 - 1 ,4 

45 m/sec) to form reproducing pits on the dye layer existing on the pregroove, so as to record signal thereon. As 
the signal. EFM signal of CD fonmat is preferably recorded from the viewpoint of obtaining the effects of the 
invention. As the recording light, a semiconductor laser beam having a wavelength within the region of 500 to 
900 nm (preferably 750 to 850 nm) is generally employed. On the infonnation recording medium of the Invention, 
infomnation can be recorded at a laser power of not more than 10 mW. 

so Under irradiation with a laser beam, the substrate and/or tiie dye generates a heat and is melted, evapo- 

rated, subliminated, defonmed or denatured, to bring about change in the shape (e.g.. to give depressed shape, 
wavy shape or protmded shape) between the substrate and the dye, change within the dye layer (e.g.. to give 
a cavity), change (e.g.. to give a cavity) between the dye and the metaJ reflecting layer, etc.. whereby pits are 
fonmed after the above-mentioned recording procedure. 

55 When CD format signal or the like is recorded on the information recording medium at a fixed linear speed 

using the above-mentioned recording method, excellent recording and reproducing properties such as high 
modulation degree of signal and high C/N of tiie reproduced signal can be obtained. Further, tracking properties 
in the recording stage, particulariy tracking properties by a push-pull method, can be improved. Moreover, since 
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the optical disc has a high reflectance, the recorded CD format signal can be reproduced using a commercially 
available CD player. Further, reproduced signal of high modulation degree can be also obtained in the prepit 
area. 

Subsequently, the infonnation recording medium (B) of the embodiments according to the Invention are 
described in detail. 

The information recording medium (B) has a basic structure comprising a substrate provided with a prepit 
area containing prepits having a specific shape and a pregroove area containing a pregroove, a dye layer and 
a reflecting layer, superposed in this order and shows a high modulation degree of not less than 50 %. The 
infonnation recording medium (B) preferably a pregroove area containing a pregroove having a specific shape. 

In the information recording medium {B), a surface of the substrate is provided with a prepit area where 
various infonnation such as audio signal, infomnation on application software systems and address signal has 
been previously recorded. 

As materials of the disc-shaped substrate of the infonmatron recording medium (B), there can be employed 
those described for the disc-shaped substrate of the infonmation recording medium (A). 

The prepit of the substrate in the information recording medium (B) is described in detail hereinafter refer- 
ring to the attached drawing. 

Fig. 4 is a sectional view schematically illustrating a part of a section of one example of the information 
recording medium (B) at the prepit 

In Fig. 4, on a substrate 41 made of plastic Is formed a dye layer 42 made of a dye, and on the dye layer 
42 is fonned a reflecting layer 43 made of a metal. The substrate 41 Is provided with a prepit 44. The dye layer 
42 Is a layer fbnmed by coating a solution for the fonmation of a dye layer having been prepared by dissolving 
a <iye in a.solvent and drying the coated layer. For the aforementioned reason, the thickness te of the dye layer 
42 on a bottom portion 46 of the prepit 44 is larger than the thickness t/ of the dye layer 42 on tiie portion 45 
between the prepit 44 and its adjoining prepit of the subsb-ate 41, The total optical path of an optical path of 
tine substrate 41 and that of the dye layer 42 on the bottom portion 46 of the prepit 44 and the total optical patii 
of an optical path of the substrate 41 and that of the dye layer 42 on the portion 45 between the prepit 44 and 
its adjoining prepit are each detennined as follows. 

That is, the optical path OLpt on the bottom portion 46 of the prepit 44 is represented by the following for- 
mula: 

OLp, = no-ts + na-dpi 

wherein no is a refractive index of the dye layer 42, ng is a refractive Index of the substrate 41, and dpi is a 
thickness of the substrate 41 on the bottom portion of the prepit 

The optical path OU., on the portion 45 between the prepit 44 and its adjoining prepit is represented by 
the following formula: 

; Ol^.1 = not? + 

wherein n© and na have the same meanings as defined above, and di. Is a tiiickness of the substrate 41 at the 
portion 45 between the prepits. 

di. is represented by ttie following formula: 

dt = dpi + d4 

wherein d4 is a depth of the prepit 

From the above formulae, a difference between Otp, and OLu is represented by the following formula. 

I Otpi - OL4.1 1 a I no-ts - (no-tr ♦ na-d^) I 

In ttie infonmation recording medium (B). the prepit 44 has a specific shape. That is, tiie half width (width 
of prepit at a depth of 1/2 of the depth of prepit) of the prepit 44 Is In the range of 0.2 to 1 .4 jim, preferably 0.3 
to 1 .0 ^m, more preferably 0.35 to 0.7 nm. The depth d* of the prepit 44 is in the range of 150 to 400 nm. pref- 
erably 160 to 350 nm. more preferably 1 70 to 300 nm. The depth d* of the prepit 44 In the information recording 
medium is extremely larger than the depth (generally approx 110 nm) of a prepit in the conventional CD. 

no Is generally larger than na, and In the information recording medium (B), the depth d* of the prepit 44 is 
made extremely larger than a depth of a conventional prepit so that ta is extremely larger ttian tj, whereby OLpi 
becomes larger than OU.i, and a difference between Otp, and OU.i, namely | Otpi - OIh., | , becomes large. 

The infonmation recording medium (B) is so constructed that the total optical patii OLp^ of Uie optical path 
of the substrate and that of the dye layer on the bottom portion of the prepit is larger than the total optical path 
Otct of the optical path of the substrate and that of the dye layer on the portion between the prepits by not less 
than X/8 (X is a wavelength of a reproducing laser beam), preferably not less than 

In order to make difference between Olp^ and Otui not less than X/S in the infonmation recording medium 
(B), the refractive index no of the dye layer 42 and the refractive index na of the substrate 41 are determined 
in consideration of the tiiickness tj and ts of the dye layer 42 in such a manner that when the dye layer 42 is 
fomied on the substrate having been provided with the prepft 44 having the above-described depth d4, the 
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resulting medium satisfies the following fomiula. 

_1 : IPU,t.-0LLtls.X/8 „ _ , .„ 

The values and must be determined in consideration of values tj and ts and a relationship between 
Ho and na. Though they cannot be determined unequivocally, a dye having a desired value of np and a substrate 
5 material having a desired value of ng can be easily selected by the skilled in the art in consideraUon of the above- 
menb'oned conditions. 

The dye having a desired value of no and the substrate material having a desired value of hb determined 
as above are not special ones, and they can be selected from those conventionally known. Further, the above- 
mentioned values tj and ts are each thickness of a dye layer prepared by coating a dye solution through a con- 
to ventional coating method. In spite of those conventional materials and known method, difference between OLp, 
and OLu can be made not less than X/8 in the infonmation recording medium (B) because the prepit is so formed 
as to allow its dimension (particulady its depth) to have a value within a specific range. 

In the infonmation recording medium (B), difference between OLpi and OU., is not less than xys. so that 
when the medium is irradiated with a laser k>eam to reproduce infonnation, the phase difference between the 
15 portk>n 45 between prepits and the bottom portion 46 of the prepit t>ecomes large, and thereby reproduced sig- 
nal having high modulation degree of not less than 50 % can be obtained. 

If the substrate material is plastic, the substrate having the aforementioned prepits and pregroove can be 
prepared by means of injection nrKjIding using a stamper. 

On the surface of the substrate, a pregrocve layer for forming the prepits and a pregroove may be provided 
20 as menttoned above. 

In the above information recording medium (B), the pregroove has generally such a shape that the half 
width of a pregroove (i.e., width of pregroove at the depth of 1/2 of the depth of pregroove) is in the range of ^ 
0.2 to 1.4 nm, preferably 0.3 to 1.0 jim, more preferably 0.35 to 0.7 urn, and the depth of pregroove is in the 
range of 70 to 200 nm, preferably 80 to 180 nm, more preferably 90 to 160 nm. The groove may be subjected 
25 to wobbling for the purpose of addressing or controlling a linear speed. 

The depth of the pregroove is smaller than the depth of the prepit on the same substrate by not less than 
7JB {X has the same meaning as defined above) in terms of optical path. 

The pregroove can be fonmed simultaneously with the fonnation of the prepit in the similar manner to that 
for the prepit. 

30 There is no specific limitation on the dye employable for the information recording medium (B). and any 

dyes described for the infonmation recording medium (A) can be employed. 

Formation of the dye layer can be conducted by dissolving the dye (and a binder, if desired) in a solvent 
to prepare a coating solution, then coating the solution on the surface of the substrate and drying the coated 
layer of the solution. 

35 Examples of the solvents employable in the coating solution for the formation of a dye layer iridude esters 

such as ethyl acetate, butyl acetate and cellossoive acetate; ketones such as methyl ethyl ketone, cyc- 
lohexanone and methyl isobutyt ketone; halogenated hydrocart>ons such as dichloromethane, 1 ,2-dichloroe- 
thane and chloroform; ethers such as tetrahydrofuran, ethyl ether and dioxane; alcohols such as ethanol, n- 
propanol. isopropanol and n-butanol; amides such as dimethylformamide; and fluorine-containing solvents 

40 such as 2,2,3»3-tetrafuoropropanol, These non-hydrocarbon organic solvents may contain hydrocart>on sol- 
vents such as aliphatic hydrocart>on solvents, alicyclic hydrocart>on solvents and aromatic hydrocarbon sol- 
vents in an amount of not more than 50 % by volume. 

The coating solution may further contain various additives such as an antioxidant, a UV-absorbent, a plas- 
ticizer and a lubricant according to the purpose. 

45 In the case of using a binder, examples of the binders include natural organic polymer materials such as 

gelatin, dextran, rosin and rubber and synthetic organic polymer materials such as cellulose derivative (e.g., 
cellulose acetate and nitrocellulose), hydrocarton resins (e.g., polyethylene, polypropylene, polystyrene, 
polyisobutylene and chlorinated polyethylene), vinyl resins (e.g., polyvinyl chloride, polyvinyiidene chloride, 
polyvinyl chioride/polyvinyl acetate copolymer and polyvinyl alcohol), acrylic resins (e.g., polymethyl acrylate 

50 and polymethyl methacrylate), and precondensales of thermosetting resins ( e.g., epoxy resin, butyral resin, 
rubber derivative and phend/fomnaldehyde resin). 

As the coating method, there can t>e mentioned spray coating, spin coating, dip coating, roll coating, blade 
coating, doctor roll coating, screen printing, etc. Of these, spin coating Is preferably employed in order to forrn 
favorable orientation of the dye. 

55 When a binder is used as a material of the dye layer, a ratio of the dye to the binder is generally in the 

range of 0.01 to 99 % (by weight), preferably 1.0 to 95 % (by weight). 

The thickness of the dye layer on the portion between prepits is preferably in the range of 40 to 400 nm, 
nDore preferably 60 to 300 nm. most preferably 80 to 250 nm. 
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In the infomnation recording medium (B). an enhancing layer may be provided between the dye layer and 
a reflecting fayer which is opt'onaliy provided, to enhance the reflectance. 

*"^""3tIon recording medium (B), a reflecting layer is further provided on the dye layer and a dFS. 
tective layer may be further provided on the dye layer or the reflecting layer. Materials and methodsVor fcrmina 
the reflecting layer and the protective layer may be the same as those described for the information recordina 
medium (A), ^ 

Recording of information on the information recording medium (B) and reproduction of information from the 
infonmation recording medium (B) can be also earned out in the similar manner to those described for the infor 
matlon recording niedium (A). 

Subsequently, the informaBon recording medium (C) of the embodiment according to the invention is des- 
cnbed in detail. 

The information recording medium (C) has a basic structure has a discshaped substrate provided with a 
prepit area containing prepiis and a pregroove area containing pregroove. a dye layer containing a dye which 
is provided on the substrate and a reflecting tayer made of a metal which is provided on the dye layer suoer 
15 posed in this order. The medium also shows a high modulation degree of not less than 50 % in a oreoit area" 
in the medium (C), the relationship between a depth of each of the ptepits and a thickness of the dye laver in 
the prepit area satisfies the following formula (I): ^ ^ 

0.15X S n.dp - n^Alp s 0.24X (I) (I) 
and the relationship between a depth of the pregroove and a thickness of the dye layer in the pregroove area 
20 satisfies the following formula (II): um pregroove area 

0.02>. S n,da - n^tj S 0.08X (II) 
in which ns represents a refractive index of the substrate, n, represents a refractive index of the dye laver d 
represents a depth of each of the prepits. Atp represents a difference b 

-Lrftn P-^P'ts that of the dye layer on the portion between the prepits. <L rep- 

f " pregroove. At, represents a difference between a thickness of the dye layer on the bottom 

laser^eam °" '^"'^ ^"^^ '«P««nts a wavelength of a repr^ 

FJ. SA is a sectional view schematically illustrating a part of a section of one example of the informaUon 
recording medium (C) at a prepit In Fig. 5A. on a substrate 51 made of plasf c is fomied a dye layir sT^ade 
^Oy ^prepit 54" ^""^ ^ ""^"^ °^ ^ "^^^ ^"'^trate 51 is provided 

dp is the depth of the prepit. Difference between the thickness tp of the dye layer 52 on the bottom portion 
55 of each of the prepits and the thtekness of the dye layer on the portion 56 between the adjoining prepiis 
corresponds to Atp of the above fbimula (I). The thickness t, is generally larger than the thickness tj 

- '" «he prepit area, inteiisity of sigrial generally.l^^^ the reflectance is zert). SucTintensitv 

can beobtamedwhenlhe phase difference of the prepit is 1/4X. However, it is required that the phase difference 
produces push-pill signal for controlling tracking, and further the intensity of such push.pull signal is almost 
equal to that of the push-pull signal of a pregroove area in the same disc. In the case that the phase difference 
corresponding to "n.dp- n,Atp- in the formula (I)) is within a range defined by the formula (I), both a high modu- 
lo lation degree and an excellent tracking are obtained in the prepit area. 

F^. 5B is a sectional view schematically illustrating a part of a section of one example of the information 
recording medium (C) at the pregroove. In Fig. SB. on a substrate 51 made of plastic is fwmed a dyeZer 52 

p";:^;,:; iz^. ;z^:sr '^'^ " '""""^ ^ ""^"'"^ '^^^ "^'^ °^ ^ '^-'^^i 

*s d„ is the depth of the pregroove. Difference between the thickness d- of the dye layer 52 on the bottom 

porton 58 of the pregroove and the thickness t^ of the dye layer 52 on the' land poi^,^ sTc^JespTnds to IT 
of the above formula (II). The thk:kness t, is generally larger than the thickness C to At, 

■n,.l*^VT^''^ preferable to have a high reflectance before recorded with informatfon 

« ^^t thfoh'Jl??r P^^Sroove is zem. However, it is rTqJ^ed 

^^^fi n f,"'*:^"*^* generates push-pull signal for conlrolling tracking, and further that intensity of such 
push-pull signal is almost equal to that of the signal of a prepit area in the same disc. In the case that 2e phase 
difference (con;esponding to'n.d, - n^t," in the formula (II)) is within a range defined by the fomiula (II) both 
a high modulation degree and an excellent tracking are obtained In the pregroove area. 
The formula (I) is represented by the following fonmula (III): 

0.17>.Sn,dp - n^tpS0.22X (III) 
in which n,, dp, n^, Atp„ and X are the same as defined above. 
The formula (H) is represented by the folkswing formula (IV): 

0.03>. S n,dg - n^Atg S 0.06X (IV) 
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in which n,, dq, n^. Atg and X are the same as defined above. 

The depth dp of the prepit is prefenred in the range of 80 to 300 nm. The depth dg of the pregroove is prefen-ed 
in the range of 10 to 230 nm. The difference Atp of the thickness of the dye layer on the bottom portion of the 
prepit and that on the portion between prepits is preferred the range of 0 to 120 nm. Further, the difference al 
5 of the thickness of the dye layer on the bottom portion of the pregroove and that on the land is prefen^d the 
range of 0 to 120 nm. 

The materials of a substrate and other layers of the information recording medium (C) are employable the 
same those as the media (A) and (B). and their preparations can be conducted in the same manner as those 
of the media (A) and (B). Further, recording and reproducing of the medium (C) can be conducted in the same 
10 manner as those of the media (A) and (B). 

The above infonmation recording media (A) to (C) are prepared by coating a dye solution over an almost 
whole surface of a substrate provided with prepits and a pregroove. and the reproduced signal from the media 
shows high modulation degrees and high reflectances. By using basic structures such as a substrate provided 
with the prepit and pregroove having the specific shape and a dye layer having the specific thickness provided 
15 hereon as shown in media (A) to (C), there can be obtained the infomnation recording medium (D) of the embo- 
diment according to the invention which has a plurality of the prepit areas and pregroove areas in combination. 

The information recording medium (D) has a structure comprising a disc-shaped substrate provided with 
a prepit area and a pregroove area and a dye layer which is provided on the substrate, the dye layer being a 
layer for recording information by forming reproducing pits thereon under inradiation with a laser beam, wherein 
zo the prepit area has a modulation degree of not less than 50 %. and at least one of the prepit area and the pre- 
groove area ts present in two or more places. 

In the Informah'on recording medium (D), a modulation degree of the prepit area is not less than 50 %, in 
spita that the dye layer is provided on the substrate having been provided with the prepit area, so that it is "po^ " 
ibie to form the same dye layer on both the prepit area and the pregroove area of the substrate as mentioned 
25 previously. By preparing an informatton recording medium using a substrate provided with a prepit area and a 
pregroove area at least one of which is present in plural places, the prepit areas and the pregroove areas can 
be allowed to exist in one Information recording medium in a mbced state. 

In an conventfonal infonnation recording medium having a prepit area and a pregroove area, it is impossible 
to provWe a dye layer on the prepit area as described hereinbefore. Therefore, in order to allow a plurality of 
30 prepit area and pregroove area to exist In a mixed state, the dye layer must be formed on only the pregroove 
area without forming the dye layer on the prepit area. Though the dye layer is generally formed by coating a 
solution containing a dye over the substrate, fbnmation of the dye layer on only the pregroove area of the sut>- 
strate ts practically difficult 

However, the information recording medium (D) of the inventten can be prepared by fomiing a unifonn dye 
3$ layer over the whole surface of the substrate through coating of a dye-containing solution on the substrate hav- 
ing been provided with a prepit area and a pregroove area (at least one of those being present in plural places) 
using a known coating method. Thus, various formats can be formed in the recording medium (D), which is 
difficull in the conventional recording medium. 

Structures of the prepit area and the pregroove area of the information recording medium (D) according to 
40 the invention and embodiments of their fonnat are described referring to the attached drawings. 

Figs, 6A to 1 0D are schematic views Illustrating examples of structures of the prepit area and the pregroove 
area and embodiments of format thereof in the Information recording medium (D) according to the invention. 
Fig. 11 schematk:a!ly illustrates structures of the prepit portion and the pregroove portion and format thereof 
in a conventk5nal infonmation recording medium, 
45 In Figs. 6A to 1 1G, P, G and g indicate a prepit area, a pregroove area and a gap, respectively. The infor- 

mation area means an area on which information has been previously recorded. The area is recorded with infor- 
mation (e.g., program data) by a manufacturer of the recording medium through master-molding, etc. The 
recording area means an area on which a manufacturer or a user of the information recording medium can be 
additionally record information after the preparation of the medium. On this area, a user can write new data 
so according to the program given by the Infonmation area, or a manufacturer of the recording medium can record 
on each disc (nr>edium) different infonmatkjn such as a user's number. One example of utilization of the infor- 
mation area is descrit>ed l>eIow. A plurality of programs are recorded on the information area, and permission 
signal for use of the programs is recorded on the recording area in such a manner ttiat some programs among 
the plural programs can be used but other programs cannot be used (i.e.. protected) for each particular disc. 
55 Thus, several kinds of application discs can be prepared by means of only one process of master-moiding. 

The control information area Is an area which is sometimes referred to *Read-in", and on this area infor- 
mation for controlling the content of the information area (directory infonmation, time information, number of 
information such as number of musics, etc.) has been recorded. Otherwvise, this area is also an area indicating 
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an Information-introducing part in CD-DA (Compact Disc - Digital to Analog). The end area, which is sometimes 
refenred to "RaadHsuf. indicates the last part of the information area. The control area is an area on which vari- 
ous information (e.g.. infomiation on forbiddance of copy, information on permission number of copy infor 
mation on users to whom copy is permitted, information on user's machine to which copy is permitted and infor 
mation on the number of copy) has been recorded, or an area on which those information can be recorded 
The Q area is an area for adjusting a recording or reproducing power and/or an area for temporarily recordina 
infbmnatlon. 

The "Inside" of each figure indicates a central direction of the infonmaUon recording medium, and the "Out- 
side" indicates an outer periphery direction of the information recording medium. 

A conventional information recording medium shown in Fig, 11 A is provided with one informaUon area coirv 
posed of a prepit area and one recording area composed of a pregroove area. Between the prepit area and 
the pregroove area, a gap of about several millimeter is formed. In the conventional infomiation recording 
medium, a dye layer is formed on only the pregroove area but not formed on the prepit area as described ore- 
viously. so that the gap Is necessarily formed ttierebetween. 

In the infomiation recording medium (D) of the invention, the same dye layer is fbmied on both the prepit 
area and the pregroove area, so that any gap is not formed therebetween. Hence, each of the prepit area and 
the pregroove area can be optionally provided in number, size and place. Figs. 6A to 6£ show several embo- 
diments of the stnicture of the prepit area and the pregroove area in the infonnaUon recording medium according 
to the invention. For example, the infomiation recording medium shown in Fig. 6A have two prepit areas and 
two pregroove areas each of which is provided alternately, and each of those areas forms an information area 
1. a recording area 1, an information area 2 and a recording area 2, respectively. This construction results in 
that each area can be distributed to a different user, for example, the Infomiation area 1 and the recording area 
1 are distributed to a user 1 and the information area 2 and the recording area 2 are done to a user 2 whereby 
a multi-user system can be obtained. Alternatively, each area can be distributed to a different program for 
example, the information area 1 and the recording area 1 are distributed to a program 1 and the information 
area 2 and the recording area 2 are done to a program 2. whereby a multi-program system can be obtained 
Accordingly, the infomiation recording medium (D) of the invention shows such excellent effects that reductiori 
of an access time of a pick-up. and ease of program-controlling and design of system-program are made 

The see of each prepit area and each pregroove area may be not less than 1 track, and the total size thereof 
can be enlarged up to the limitation of the capacity of the Information recording medium. Hence, the number 
of the preptt areas and the pregroove areas can be opBonally delemiined within the range of 3 to 10? in a total 
number. The number depends on the use purpose of the infonmation recording medium and the content of the 
program. 

Figs, 6A to 6E show embodiments In which any gap is not fornied between the prepit area and the pregroove 
35 area, but if necessary, a gap of optional size may be fornied therebetween. 

In the conventional infonmation recording medium shown in Fig. 11 A. a gap of about several millimeter Is 
fornied between the prepit area and the pregroove area, as described previously. On the prepit area no dye 
layer is fomied. and a reflecting layer made of a metal is directly fomied on the substrate, so that the prepit 
area generally has a reflectance of approx. 92 %. On the other hand, the pregroove area generally has a ref- 
lectance of approx. 84 % because a dye layer Is provided thereon. On the gap area, an edge part of the dye 
layer is present, and therefore the reflectance of the gap area is greatly varied within the range of generally 
approx. 16 to 84 %. Accordingly, when the pick-up passes through the gap area under focusing, the pick-up 
sometimes deviates from the focused condition. For coping with this problem, it is required to add a new con- 
trolling system to the hardware device. Moreover, the recording capacity of the infomialion recording medium 
45 IS made smaller because of presence of the gap. 

In the information recording medium (D) of the invention, however, even if a gap is intentionally provided 
depending on the purpose, reflectances of all areas of the medium are substantially the same because a uniform 
dye layer is formed on all the prepit area, the gap area and the pregroove area, as shown in Fig. 7. Accordingly 
in tfie case of intentionally providing a gap. the pick-up can be kept in the focused condition even when the 
pick-up IS moved under focusing. Naturally, it is possible to provide no gap in the infomiation recording medium 
of the invention as described above. Accordingly, the information recording medium (D) of the inventfon can 
be provided with a gap of opttonal size, if desired, without any trouble. 

A conventtonal information recording medium shown in Fig. 11B Is provided with a prepit area all over the 
substrate surface. On the prepit area, a control infomiation area, an infomiation area and an end area are pro- 
vided. If a recording area is further provided to Uiis recording medium of Fig. lis. the resulting recording 
medium is obliged to take a construction of an Information recording medium shown in Fig. 110 In the con 
strucUon of the infomiation recording medium of Fig. 1 10. however, the recording area exists on tiia outer side 
of the end area, so that conventional CD players can reproduce information of only Uie prepit area. 
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In the information recording medium (D) of the invention, the prepit area and the pregroove area can be 
formed in the optional number at the optional place, as shown in Figs. 8A to 8G. Therefore, the control infor- 
mation area and the general infonmation area can be optionally provided, and further the end area (may be 
either the prepit area or the pregroove area) can be provided on the outer periphery side. Accordingly, the infor- 
5 mation recorded on the recording medium of the invention can be reproduced using conventional CD players. 
In the information recording medium (D), each of the control infomiation area and the general information area 
can include the prepit area and pregroove area in the optional number. 

A conventional CD is constructed as shown in ah infonmation recording medium of Fig. 11 D. When infor- 
mation is copied from the CD by means of a digital-digital method, the information can be copied without 
10 deterioration of the infonmation. Therefore, information can be repeatedly copied from the original CD, in spite 
that a copy machine (e.g., DAT) is so treated to prohibit repetition of copy for the purpose of protection of 
copyright Accordingly, protection of copyright Is insuffident 

In the information recording medium (D) of the invention, a pregroove can be formed on an area which is 
not generally used for reproduction and is present on the inner periphery side and/or the outer periphery side 
IS of the ROM area (prepit area) wherein infomiation composed of the prepits has been already recorded, and a 
control area can be fonmed on the pregroove, as shown in Figs. 9A to 9C. On this control area, there can be 
previously recorded infonnation relating to the aforementioned copy using the signal which is not ordinarily 
employed (for example, RSTVW code of CD and wobble signal). 

A conventional information recording medium shown in Fig. 1 1 E is provided with a pregroove area all over 
20 the substrate surface. On the pregroove area, a control information area, an information area and an end area 
are provided. In the case of previously recording a part of information on this recording medium, the recording 
procedure must be made for all media using a recording machine, so that a long period of time is required for 
mass duplication. 

Information recording media may be provided with the aforementioned Q area. When the Q area is provided 

25 in the conventional Information recording medium, the resulting Information recording nnedium can take only 
such a construction as shown in an information recording medium of Fig. 1 1F or 1 1G. In the construction of 
the infonmation recording medium 11 F, a width of the gap is enlarged, and further the pick-up is obliged to pass 
on access the recording area which has been formed by an inadequate recording method in the power-adjusting 
stage. As a result, the pass of the pick-up brings about unfavorable influence on the hardware system and the 

30 construction does atx^ut reduction of the recording region. In the construction of the information recording 
medium of Fig. 1 1 G, the outer periphery area of the recording medium tends to be easily stained in the handling 
procedure, and the substrate on the most outer periphery area thereof has a high birefringence so that the for- 
med dye layer tends to be made ununrformly, resulting in severe problems for the power adjustment. 

The infonmation recording medium (D) of the invention can take such constructions as shown in Figs. 10A 

35 to 1 0D, so that the at>ove-mentk)ned problems never occur even if information relating to power adjustment or 
other inforation is recorded thereon. 

As described in detail hereinbefore, development of various constructions can be thought as to CD-conv 
patible informatton recording media, but it is practically impossible to apply such various constructions to the 
conventional information recording medium. If possible, the obtained information recording medium becomes 

40 extremely complk:ated or unstable. However, the information recording medium of the invention can easily take 
such various constructions. The embodiments shown in Figs. 6A to 10D are only examples of the information 
recording medium of the inventwn, and naturally, the information recording medium of the invention can also 
take other constructk^ns. 

Examples of the present invention and comparison examples are given below, but those examples by no 
4S means restrict the inventbn. 

At first, examples 1-12 according to ttie present invention, particulariy to the information recording medium 
(A) of embodiment thereof and comparison examples 1 - 3 are given below. 

EXAMPLE 1 

50 

A disc-shaped polycarbonate substrate (outer diameter. 120 mm, inner diameter 15 mm, thickness: 1.2 
mm) provided with prepits (half width of prepit: 0.6 ^im, depth of prepit: 130 nm) having l>een recorded with EFM 
signal within the region of from 46 mm to 80 mm in diameter and a pregroove (b^ck pilch: 1.6 jim, half width 
of pregroove: 0.55 >im, depth of pregroove: 50 nm) within the region of from 80 nm to 1 1 8 mm in diameter was 
55 prepared. 

Separately, a dye (I) (refractive index: 2.8) having the following formula was dissolved in propylene glycol 
monoethyi ether to prepare a dye solution containing 2.4 wt% of the dye (I), 
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Dye (I) 




n-C,H, 



(CH=CH)2*CH 



ClO^ 




Thus obtained dye solution had a concentration limit (critical concentration) of 70 % at 23 "C 

The dye solution was kept at 23 'C. and the dye solution was coated over the above-mentioned substrate 
having a temperature of 23 'C by means of spin coating under the rotation of the substrate at 200 r.p m for 4 
seconds. Then, the coated layer of the solution on the substrate was dried under the rotation of the substrate 
at 700 r.p.m. for 30 seconds, to fonm a dye layer on the substrate. 

On the dye layer was formed a reflecting layer made of Au having a thickness of 100 nm by means of DC 
sputtering of Au under the conditions of an electric power of 480 W. a target-substrate distance of 95 mm a 
gas pressure of 2 Pa and a rate of 2 nm/sec. 

Than, on the reflecting layer was coated a UV-curable resin (trade name: 3070. avaflable ftxsm Three Bond 
Co.. Ltd.) by means of spin coating at 1.500 r.p.m.. and the layer of the resin was irradiated with ultraviolet rays 
using a high-voltage mercury lamp to cure the layer, so as to Ibnn a protective layer having a thickness of 2 
ym on the reflecting layer. 

Thus, an infonnabon recording medium consisting of a substrate, a dye recording layer, a reflecting layer 
and a protective layer was prepared. 

The obtained information recording medium was measured on the optical thickness of the dye layer on the 
bottom portion of the pregroove. the optical thickness of the dye layer on the land portion, the reflectance of 
the mirror portion, the reflectance of the pregroove. the reflectance of the pregroove after recording of signal 
and the (racking servo gain by the later-mentioned evaluation methods. The results are set forth in Tables 1 A 
and IB. 



EXAMPLE 2 



Using the same substrate as used in Example 1 . a dye layerwas fomied on the substrate in the same man- 
ner as described in Example 1 except for using a dye solution having been prepared by dissolving a dye (II) 
(refractive index: 2.9) having the following fonnula in a mixture solvent of 2.2,3.3-telrafluoropropanol and pro- 
pylene glycol monoethyl ether (ratio by volume: 92 : 8). the dye solution containing the dye (II) in an amount 
of 2.3 vrt.% (tiie concentratfon limit of the dye solution at 23 "C was 90 %). 

Dye II 




<CH=CH),-CH 




Then, on the dye layer fonned on the subshale. a reflecting layer and a protective layer were superposed 
in order in the same manner as described in Example 1. to prepare an information recording medium 

The obtained infomiaUon recording medium was evaluated In the same manner as described in Examole 
1 . The results are set forth in Tables 1 A and 1 B. 
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EXAMPLES 

Using.lhe same substrate as used in Example 1 . a dye fayer was fomied on the substrate In the same man- 
ner as described in Example 1 except for using a dye solution having been prepared by dissolving the dye (II) 
in a mixture solvent of 2,2.3,3-tetrafluoropropanol and butanol (ratio by volume: 70 : 30), the dye solution con- 
taining the dye (II) in an amount of 2.3 wt% (the critical concentration of the dye solution at 23 *C was 90 %). 
Then, on the dye layer formed on the sut>strate, a reflecting layer and a protective layer were superposed in 
order in the same manner as described in Example 1 , to prepare an information recording medium. 

The obtained infonnatlon recording medium was evaluated in the same manner as described in Example 
1 . The results are set forth in Tables 1 A and 1 B. 

EXAMPLE 4 

Using the same substrate as used in Example 1 except that the half width of the prepit was 0.5 jim and 
the depth of the prepit was 120 nm, a dye layer, a reflecting layer and a protective layer were superposed in 
order on the sutjstrate in the same nranner as described in Example 1. Thus, an information recording medium 
was prepared. 

The obtained information recording medium was evaluated in the same manner as described in Example 
1. The results are set forth in Tat)tes 1A and 1 B. 

EXAMPLE 5 

Using the same substrate as used in Example 1 except that the half width of the pre-pit was 0.5 jirn and" 
the depth of the prepit was 90 nm, a dye layer, a reflecting layer and a protective layer were superposed in 
order on the substrate in the same manner as described in Example 1, Thus, an information recording medium 
was prepared. 

The obtained information recording medium was evaluated in the same manner as described in Example 
1. The results are also set forth in Tables 1A and 1B. 

EXAMPLES 

Using the same substrate as used in Example 1. a dye layer was formed on the substrate in the same man- 
ner as described in Example 1 except for using a dye solution having been prepared by dissolving the dye (IJ) 
in a mixture solvent of 2,2,3.3-tetraf!uoropropanol and isopropyf ether (ratio by volume; 90 : 10), the dye solution 
containing the dye (11) in an amount of 2,3 wL% (the concentration limit of the dye solution at 23 *C was 80 %). 

Then, on the dye layer formed on the substrate, a reflecting layer and a protective layer were superposed 
in order in the same manner as described in Example 1, to prepare an information recording medium. 

The obtained infonnation recording medium was evaluated in the same manner as described in Example 
1 . The results are set forth in Tables 1 A and 1 8. 

EXAMPLE 7 

Using the same substrate as used in Example 1 , a dye layer was formed on the substrate in the same man- 
ner as described in Example 1 except for using a dye solution having been prepared by dissolving the dye (II) 
in a mbcture solvent of 2,2,3,3-tetrafluoropropanol and diisopropyl ketone (ratio by volume: 70 : 30), the dye 
solution containing the dye (II) in an amount of 2,3 wt% (the concentration limit of the dye solution at 23 *C 
was 65 %). Then, on the dye layer formed on the substrate, a reflecting layer and a protective layer were super- 
posed in order in the saixre manner as described in Example 1, to prepare an information recording medium. 

The obtained information recording medium was evaluated in the same manner as described in Example 
1, The results are also set forth in Tat>les 1A and 18. 

EXAMPLE 8 

Using the same substrate as used in Example 1 , a dye layer was formed on the substrate in the same man- 
ner as described in Example 1 except for using a dye solution having been prepared by dissolving the dye (H) 
in a mixture solvent of 2,2,3.3-tetraf1uoropropanol and aceb'c acid (ratio by volume: 90 : 10), the dye solution 
containing the dye (II) in an amount of 2.3 wt% (the concentration limit of the dye solution at 23 was 60 %). 
Then, on the dye layer formed on the substrate, a reflecting layer and a protective layer were superposed fn 
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order in the same manner as described in Example 1 , to prepare an information recording medium. 

The obtained infomnation recording medium was evaluated in the same manner as described in Example 
1. The results are set forth in Tables 1A and IB. 

EXAMPLE 9 

Using the same substrate as used in Example 1 , a dye layer was formed on the substrate in the same man- 
ner as described in Example 1 except for using a dye solution having been prepared by dissolving the dye (II) 
In a mbcture solvent of 2^.3.3-tetrafluoropropanol and ethyl cellosolve (ratio by volume: 90 : 10), the dye sol- 
ution containing the dye (II) in an amount of 2,3 wt% (the concentration limit of the dye solution at 23 was 
70 %). Then, on the dye layer fonmed on the substrate, a reflecting layer and a protective layer were superposed 
in order in the same manner as described in Example 1, to prepare an information recording medium. 

The obtained infonnation recording medium was evaluated in the same manner as described in Example 
1. The results are set forth in Tables 1A and IB. 

EXAMPLE 10 

Using the same substrate as used in Example 1 , a dye layer was fonmed on the substrate in the same man- 
ner as described In Example 1 except for using a dye solution having been prepared by dissph^ing the dye (II) 
in a mixture solvent of 2,2,3,3-tetrafluoropropanol and butyl cellosolve (ratio by volume: 90 : 10), the dye sol- 
ution containing the dye (II) in an amount of 2.3 wt% (the concentration limit of the dye solution at 23 *»C was 
70 %). Then, on the dye layerformed on the substrate, a reflecting layer and a protecUve layer were superposed 
f^®^'?® T^"??'' ^? described In Example 1, to prepare an information recording medium. 

The obtained infonnation recording medium was evaluated in the same manner as described in Example 
1. The results are set forth in Tables 1A and IB. 

EXAMPLE 11 

Using the same substrate as used in Example 1, a dye layer was formed on the substrate in the same man- 
ner as described in Example 1 except for using a dye solution having been prepared by dissolving the dye (II) 
in a mixture solvent of 2,2,3,3-tetrafluoropropanol and isoamyl alcohol (ratio by volume: 70 : 30), the dye sol- 
ution containing the dye (II) in an amount of 2.3 wt.% (the concentration limit of the dye solution at 23 was 
55 %). Then, on the dye layerformed on the substrate, a reflecting layer and a protective layer were superposed 
In order in the same manner as described in Example 1, to prepare an information recording medium. 

The obtained infonmation recording medium was evaluated in the same manner as described in Example 
1. The results are set forth in Tables 1A and IB. 

EXAMPLE 12 

The procedures of Example 2 were repeated except for replacing the dye (II) with a dye (III) (refractive 
index: 2.7) having the following fonmula, to prepare an infonmatjon reconjing medium. The dye solution used 
in this process had a concentration limit of 90 % at 23 **C. 

Dye (III) 




The obtained infomiaUon recording medium was evaluated in the same manner as described in Example 
1 . The results are set forth in Tables 1 A and IB. 
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COMPARISON EXAMPLE 1 

Using the same substrate as used [n Example 1, a dye layer was fomned in the same manner as described 
in Example 1 except that the dye solution was replaced with the. same dye solution as used in Comparison 

5 Example 1 except for using a dye solution having been prepared by dissolving the dye (!) in a solvent of 2,2,3,3- 
tetrafluoropropanol, the dye solution containing the dye (I) in an amount of 2.3 wt.% (the concentration limit of 
the dye solution at 23 ""C was less than 20 %). Then, on the dye layer fonmed on the substrate, a reflecting 
layer and a protective layer were superposed in order in the same manner as described in Example 1. Thus, 
an information recording medium was prepared. 

10 The obtained Infom^ation recording medium was evaluated in the same manner as described in Example 

1. The results are set forth in Tables 1A and 1B. 

COMPARISON EXAMPLE 2 

IS Using the same substrate as used in Example 1 , a dye layer was formed on the substrate In the same nnan- 

ner as described in Example 1 except for using a dye solution having been prepared by dissolving the dye (II) 
in 2,2,3,3-tetrafluoropropanol, the dye solution containing the dye (II) in an amount of 2.3 wt% (the concen- 
tration limit of the dye solution at 23 ^'C was less than 20 %). Then, on the dye layer formed on the substrate, 
a reflecting layer and a protective layer were superposed in order in the same manner as described in Example 

20 1. to prepare an infomnation recording medium. 

The obtained infomnation recording medium was evaluated in the same manner as described in Example 
1. The results are set forth in Tables 1A and 1B. 

COMPARISON EXAMPLE 3 

25 

Using the same $ut>strate as used in Example 1 . a dye layer was formed on the substrate in the same man- 
ner as described in Example 1 except for using a dye solution having been prepared by dissolving the dye (II) 
in a mixture solvent of 2,2,3,3-tetrafluoropropanol and ethanol (ratio by volume: 70 : 30), the dye solution con- 
taining the dye (II) in an amount of 2.3 wt% (the concentration limit of the dye solution at 23 ^C was less than 
30 20 %). Then, on the dye layer formed on the substrate, a reflecting layer and a protective layer were superposed 
in order In the sarne manner as described in Example 1, to prepare an information recording medium. 

The obtained infonmation recording medium was evaluated in the same manner as described in Example 
1 . The results are set forth in Tables 1 A and 1B. 

35 Evaluation of Information Recording Medium 

Signal was recorded on the bottom portion of the pregroove in each of the above-obtained information 
recording media using a disc-evaluation device (NA: 0.5, laser wavelength: 7B0 nm) and EFM encoder (KEN- 
WOOD) under the conditions of a laser power for recording signal (recording power) of 6 mW and a fixed linear 
40 speed of 1 .3 m/sec. 

. 1) Optical thickness of the dye layer on the bottom portion of the pregroove 

An absolute thickness of the dye layer was measured through observation of a section of the record- 
ing medium using an electron microscope of ultra-high resolution (S900, produced by Hitachi, Ltd.). A sepa- 
rately prepared dye thin film was measured on the reflectance, transmittance and absolute thickness, and 
45 from these results, a refractive index of the dye layer was determined. From the above-obtained absolute 

thickness and the refractive index, an optical thickness of the dye layer was calculated. 
2) Optical. thickness of the dye layer on the land portion 

The optical thickness of the dye layer on the land portion was determined in the similar manner to 
that of the above evaluation method 1). 
50 3) Reflectance of the mirror portion 

The reflectance of the mirror portion was measured using a reflectance of an Ai plate whose reflect- 
ance was conventionally known as a reference by the use of a spectrophotometer (UV130, produced by 
Shimazu Seisakusho, Co., Ltd.). 

4) Reflectance of the pregroove 

55 The reflectance of the pregroove was measured using the above-obtained reflectance of the mirror 

portion as a reference by the use of the above disc evaluation device. 

5) Reflectance of the pregroove after recording of signal 

The reflectance of the groove after recording of signal was determined in the similar manner to thai 
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of the above evaluation method 4). 

6) Tracking servo gain 

The information recording medium was given osciliation from outside using an oscillator, to measure 
tracking servo gain of the medium by the use of a servo-analyzer. The values set forth in Tables 1 A and 
5 1 B are values obtained by comparing with tracking servo gain of CO. 

7) Optical thickness of the dye layer on the prepit portion 

The optical thickness of the dye layer on the prepit portion was determined in the similar manner to 
that of the above evaluatk>n method 1). 

8) Optical thickness of the dye layer on the area between prepits 

optical thickness of the dye layer on the area between prepits was detennined in the similar 
manner to that of the above evaluation method 1). 

9) Modulation degree of signal of 11T 

A direct cunrent reproduced signal (signal intensity) having a recording length of 11 T out of the recor- 
ded CD fonmal signal was measured in the signal portton and the mirror portion (Le., non-signal portion) 
15 and the modulation degree (C) of the reproduced signal was determined from the maximum intensity and 

the minlnfKim intensity of the reproducing signal by the following formula: 
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Wherein SH is a maximum intensity of the signal, and SL is a minimum intensity of the signal. 

Table lA 



Thickne ss of Dye laver (mn) 
Bottom portion Land portion Bottom portion Portion be- 
of Pregroove of Prepit tween Prepits 



30 


Ex. 


1 


3 62 


327 


358 


321 




Ex. 


2 


348 


320 


351 


327 




Ex. 


3 


343 


318 


347 


313 


35 


Ex. 


4 


361 


326 


365 


321 




Ex. 


5 


358 


324 


359 


320 




Ex. 


6 


341 


313 


347 


310 


40 


Ex. 


7 


351 


315 


355 


308 


Ex. 


8 


343 


318 


349 


304 




Ex. 


9 


349 


317 


347 


311 




Ex. 


10 


341 


309 


348 


301 


4S 


Ex. 


11 


352 


312 


350 


306 




Ex. 


12 


338 


303 


343 


304 


SO 


Com. 


Ex.-l 


348 


212 


352 


208 


Com. 


Ex.2 


340 


208 


358 


214 




Com. Ex. 3 


345 


207 


351 


206 



55 
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Table IB 



Reflectance (h) TSG of Record- Modulation 

irig Area Degree (IIT) 

(%) of Prepit 

Mirror Pregroove After Portion 
portion portion recording 
(ratio) 



*5 


Ex. 


1 


83.9 


74.2 


(88) 


41.8 


-1.1 


68 




Ex. 


2 


81.7 


71.7 


(88) 


41.2 


-0.8 


67 




Ex. 


3 


82.2 


72.1 


(88) 


40.9 


-0.9 


68 


20 


Ex. 


4 


84.3 


74.2 


(88) 


42.3 


-1.1 


66 


Ex. 


5 


83.7 


73.8 


(88) 


42.1 


-1.1 


61 




Ex. 


6 


81.9 


71.2 


(87) 


41.2 


-0.8 


61 




Ex. 


7 


82.1 


71.8 


(87) 


40.7 


-0.8 


68 


25 


Ex. 


8 


82.3 


72.3 


(88) 


40.9 


-0.9 


64 




Ex. 


9 


82.4 


71.9 


(87) 


40.8 


-0.7 


69 




Ex. 


10 


82.1 


71.7 


(87) 


40.8 


-0.7 


68 


30 


Ex. 


11 


81.7 


72.1 


(88) 


41.1 


-0.8 


67 


Ex. 


12 


_ a9_ . 2 _ 


7 9.8 


_^( a94 - 


49.-7-^ 


-0.9 - - 


69 



Com. Ex.1 84.2 79.2 (94) 44.1 -2.7 12 

Com. Ex. 2 81.8 77.7 (95) 43.7 -2.4 11 

Com. Ex. 3 82.3 78.1 (95) 44.4 -2-6 16 



^ Note: ratio = reflectance of pregroove portion /reflectance 

of mirror potion (%) 
TSG = tracking servo gain 

45 As is evident from the results set forth in Tables 1 A an d 1 B, the infomnah*on recording medium (A) according 

to the invention had such excellent properties that both the reflectance of the pregroove and the reflectance 
thereof after recording of infonnation were high in the pregroove area (infomiaton recording area)^ decrease 
of the tracking servo gain was small, and the modulation degree in the prepit area (ROM area) was large. 
On the other hand. In the infonmab'on recording media of comparison examples, the reflectance of the pre- 
50 groove and the reflectance thereof after recording of infonnation were low, decrease of the tracking servo gain 
was large, and the modulation degree in the prepit area (ROM area) was extremely small. 

Subsequently, example 13 according to the present invention, particularly to the infonmation recording 
nrtedium (B) of embodiment thereof and comparison example 4 are given below. 

55 EXAMPLE 13 



A disc-shaped polycart>onate substrate (outer diarr>eten 120 mm, inner diameter 15 mm, thickness: 1.2 
mm, track pilch: 1.6 jim, refractive index ne: 1.58) provided with prepits (half width of each prepits: 0.70 ^m, 
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depth of each prepits: 240 nm) having been recorded with EFM signal which has been formed within a r 
of from 46 mm to 80 mm in diameter and a pregroove (track pitch: 1.6 ^m. half width of pregroove: 0,6' 
depth of pregroove: 90 nm) which has been fonmed within a region of from 80 mm to 118 mm in diamete 
prepared. 

Separately, a dye (I) having the following formula was dissolved in 2,2,3.3-tetrafIuoropropanol to pr 
a dye solution containing 2.8 wt% of the dye (I). 

Dye (I) 



10 



15 




cio^- 

20 The dye solution was coated over the above-mentioned substrate at 23 *C by means of spin coating under 

the rotation of the substrate at 200 r.p.m. for 5 seconds. Then, the coated layer of the solution on the substrate 
was dried under the rotation of the substrate at 700 r.p.m. for 30 seconds, to fonm a dye layer on the substrate, 

On the dye layer was then fomned a reflectin g la yer mad e of Au having a thickn^^si^ Qf 1 qq nf?i by means 

of DC sputtering of Au under the conditions of an electric power of 480 W, a target-substrate distance of 95 
25 mm, a gas pressure of 2 Pa and a rate of 2 nm/sec. 

Then, on the reflecting layer was coated a UV-curable resin (trade name: 3070, available from Three Bond 
Co., Ltd.) by means of spin coaling at 1,500 r.p-m., and the coated layer was then in^diated with ultraviolet 
rays using a high-voitage mercury lamp to cure the coated layer, so as to fonm a protective layer having a thick- 
ness of 2 ^m on the reflecting layer. 
30 Thus, an information recording medium consisting of a substrate, a dye recording layer, a reflecting layer 

and a protective layer was prepared. 
"*5^'n^^^*"*^onfnatk3n reM 

lorn portion of the prepit, the thickness tj of the dye layer on the portion between prepits, the total optical path 
OLpi of optical path of the substrate and optical path of the dye layer on the bottom portion of the prepit, the 
35 total optical path OLt, of optical path of the substrate and optical path of the dye layer on the portion between 
prepits, and the modulation degree of the prepit signal of 11T, by the later-mentioned evaluation methods. 
Further, EFM signal was recorded on the pregroove area, and the modulation degree of a signal of 1 1T repro- 
duced from the recorded area was measured by the later-mentioned evaluation method. The results are set 
forth In Table 2. 

40 

COMPARISON EXAMPLE 4 



Using the same disc-shaped polycarbonate substrate as that of Example 13 except that the half width of 
each of prepits having been recorded with EFM signal was 0,65 jim and the depth of the prepit thereof was 
46 130 nm, instead of the substrate of Example 13, a dye layer, a reflecting layer and a protective layer were super- 
posed in order on the substrate in the same manner as described in Example 1 3. Thus, an information recording 
medium was prepared. 

The obtained information recording medium was evaluated in the same manner as described in Example 
13. The results are also set forth in Table 2. 

so 

Evaluation' of Informatton Recording Medium 

Each of the obtained infonnation recording media was measured on the thickness te of the dye layer on 
the bottom portion of the prepit, the thickness tj of the dye layer on the pordon between prepits. the total optical 
55 path OLpi of optical path length of the substrate and optical path of the dye layer on the bottom portion of the 
prepit the total optlcaJ path Okt of opUcal path of the substrate and optical path of the dye layer on the portion 
between prepits, and the modulation degree of the prepit signal of 1 1T, by the following evaluation methods. 
1) Thk:kness ts of the dye layer on the bottom portion of the prepit 
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10 



15 



20 



25 



30 



The thickness (absolute film thickness) of the dye layer on the bottom portion of the prepit was measured 
through observation of a section of the recording medium using an electron microscope of ultra-high re- 
solutton (S900, produced by Hitachi, Ltd.). 

2) Thickness tj of the dye layer on the area between pits 

The thickness tj (absolute layer thickness) of the dye layer on the portion between prepits was measured 
in the similar manner to that of the above evaluation method 1). 

3) Optical path 01^^ 

A separately prepared thin dye fDm was measured on the reflectance, Iransmittance and absolute thick- 
ness, and finom these results, a refractive index no of the dye layer of each medium was determined. Using 
thus detenmined refracth^e index of the dye layer, the optical path OL^i was calculated by the aforemen- 
tioned formula. 

The portfon dp, of the substrate shown in Fig. 4 is common to both the bottom portion of the prepit and the 
portion between prepits. so that each value of the optical path OLp, set forth in Table 2 is a value obtained 
by subtracting the optical path of this portion dp, from the above-obtained optical path. 

4) Optical path OU, 

The optical path length OL^^ was determined in the similar manner to that of the above evaluation method 
3), 

5) Modulation degree of reproduced signal of 11 T A direct current reproduced signal (signal intensity) hav- 
ing a recording length of 11T out of the recorded CD fonmal signal was measured in the signal portion and 
the mirror portion (i.e., non-signal portion), and the modulation degree (C) of the reproduced signal was 
detemiined from the maximum intensity and the minimum intensity of the reproducing signal by the follow- 
ing formula: 

-SH-=-Sir 



C = 



SH 



= x100 



wherein SH is a maximum intensity of the signal, and SL is a minimum intensity of the signal. 
6) Evaluation of the pregroove area 

Signal was recorded on the bottom portion of the pregroove of each Infonmabon recording medium using 
a disc-evaluation device (NA: 0.5. laser wavelength: 780 nm) and EFM encoder (KEN-WOOD) under the 
conditions of a laser power for reconjing signal (recording power) of 6 mW and a fixed linear speed of 1.3 
m/sec. 

The mo dulation degre e of a sign al of 1 1 T repro duced from the recorded area was measured in th^ ^tmU^r 

mahner to that of the above evaluation method 5), 
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Table 2 



Thickness of 
Pve Layer (nm) 



Optical Path 
Length (nm) > 



Modulation Evaluation 
Degree (IIT) of Recording 



Bottom 



between 



OL 



PI 



OL 



Li 



of Prepit 



Area 





portion 


propits 






area (»} 






13 650 


160 


650 


540 


74 


65 


Com. 


Ex,4 400 


230 


400 


440 


20 or less 





As is evident from the resutte set forth in Table 2. the information recording media of the invention (Exam- 
ples 15 to 17) have high modulation degree on the prepit area (ROM area) and show excellent characteristics. 

On the other hand, the information recording medium of comparison example has extremely low modulation 
55 degree on the prepit area. 

Subsequently, examples 14 - 30 according to the present invention, particularly to the infomiation recording 
media (C) and (D) of embodiments thereof and comparison examples 5 - 7 are given below. 
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EXAMPLE 14 



10 



A disc-shaped polycarbonate substrate (outer diameter 120 mm, inner diameter 15 mm, thickness: 1 ,2 
mm, refractive index: 1 .58) provided with a pregroove (track pitch: 1 .6 urn, half width of pregroove: 0.8 fxm, depth 
of pregroove; 37 nm) within the region of from 44 nm to 47 mm In diameter, prepits (hatf width of prepit 0.6 
^m, depth of prepit: 110 nm) having been recorded with EFM signal within the regton of from 47 mm to 70 mm 
in dfameter and a pregroove (track pilch: 1.6 pm, half width of pregroove: 0.8 ^m, depth of pregroove: 37 nm) 
within the region of from 70 nm to 116 mm in diameter was prepared. 

Separately, 3.25 g of a dye (I) (refractive index: 2.8) having the following formula and 0.325 g of a dye (IV) 
having the following fonmula were dissolved in a mixture solvent of 2.2,3,3-tetrafiuoropropanol 75 ml and ethyl 
cellosolve 25 ml to prepare a dye solution. 



15 



20 



Dye (I) 




ClO^' 



25 



30 



35 



40 



45 



SO 



55 



Dye (IV) 

(n-C^Hg) 



(n- 



C4H9) 




N(n-C4Hg)2 



2C104- 



N(n- 



C4Hg) 2 



The dye solution was coated over the above-mentioned substrate by means of spin coating under the rota- 
tion of the substrate at 200 r.p.m. for 5 seconds. TTien. the coated layer of the solution on the substrate was 
dried under the rotation of the substrate at 2000 r.p.m. for 30 seconds, to fonm a dye layer having the thicknesses 
as described below on the substrate. 

(1) lhe bottom portion of the prepit (47 - 70 mm) : 125 nm 

(2) the portion between the prepits (47 - 70 mm) : 120 nm 

(3) the bottom portion of the pregroove (70 - 1 16mm): 125 nm 

(4) the land portion of the pregroove (70 - 116 mm) : 120 nm 

On the dye layer within 42 mm to 118 mm in the diameter was formed a reflecting layer made of Au having 
a thickness of 100 nm by means of DC sputtering of Au under the conditions of an electric power of 200 W and 
a Ar gas pressure of 2 Pa. 

Then, on the reflecting layer was coated a UV-curable resin (trade name: 3070, avaflable from Three Bond 
Co., Ltd.) by means of spin coating at 200 r.p.m. and allowed to stand at 1.500 r.p.m. for 30 seconds, and the 
layer of the resin was irradiated with ultravtolet rays using a high-voltage mercury lamp (200 w/cm) to cure the 
layer, so as to fonm a protective layer having a thickness of 2 pm on the reflecting layer. 

Thus, an information recording medium consisting of a substrate, a dye recording layer, a reflecting layer 
and a protective layer was prepared. 
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EXAMPLE 15 



Using the same substrate as used in Example 14 except that the depth of the prepit was 105 nm and the 
depth of the pregroove was 25 nm, a dye layer having the thicknesses as described below on the substrate, a 
5 reflecting layer and a protective layer were superposed In order on the substrate in the same manner as des- 
cribed in Example 14. Thus, an information recording medium was prepared. 

(1) the bottom portion of the prepit (47 - 70 mm) : 125 nm 

(2) the portion between the prepits (47 - 70 mm) : 120 nm 

(3) the bottom portion of the pregroove (70 - 1 16mm): 125 nm 
10 {4)the land portion of the pregroove (70 - 1 18 mm) : 120 nm 

EXAMPLE 16 

Using the same substrate as used in Example 14 except that the depth of the prepit was 115 nm and the 
15 depth of the pregroove was 40 nm, a dye layer on the substrate, a reflecting layer and a protective layer were 
superposed in order on the substrate in the same manner as described in Example 14. Thus, an information 
recording medium was prepared. The resulting dye layer had thicknesses as described below. 
^(1)the bottom portion of the prepit (47 - 70 mm) : 125 nm 
(2)the portion between the prepits (47 - 70 mm) : 120 nm 
20 (3)the bottom portton of the pregroove (70 - 1 16mm): 1 25 nm 

(4) the land portion of the pregroove (70-116 mm) : 120 nm 

EXArrfPLE-17 

25 Using the same substrate as used in Example 14 except that the depth of the prepit was 90 nm, a dye layer 

on the substrate, a reflecting layer and a protective layer were superposed in order on the substrate In the same 
manner as described in Example 14. Thus, an information recording medium was prepared. The resulting dye 
layer had thicknesses as described below. 

(1) the bottom portion of the prepit (47 - 70 mm) : 125 nm 
30 (2)the portion between the prepits (47 - 70 mm) : 120 nm 

^(3)tt».e„t>pttQni.p<)ftiQ.n„QfJthe^^ „ , 

(4)the land portion of the pregroove (70 - 116 mm) : 120 nm 

EXAMPLE 18 

35 

Using the same substrate as used in Example 14 except that the depth of the pregroove was 50 nm, a dye 
layer on the substrate, a reflecting layer and a protective layer were superposed in order on the substrate in 
the same manner as described in Example 14. Thus, an infomnation recording medium was prepared. The 
resulting dye layer had thicknesses as described below. 
40 (1)the bottom portton of the prepit (47 - 70 mm) : 125 nm 

(2) the portion between the prepits (47 - 70 mm) : 120 nm 
{3)the bottom portion of the pregroove (70 - 116mm): 125 nm 
(4)the land portion of the pregroove (70 - 116 mm) : 120 nm 

45 COMPARISON EXAMPLE 5 

Using the same substrate as used in Example 14 except that the depth of the prepit was 170 nm and the 
depth of the pregroove was 80 nm, a dye layer on the substrate, a reflecting layer and a protective layer were 
superposed in order on the substrate in the sanrte manner as described in Example 14. Thus, an information 
51? reconiing medium was prepared. The resulting dye layer had thicknesses as described below. 

(1) the bottom portion of the prepit (47 - 70 mm) : 125 nm 

(2) the portion between the prepits (47 - 70 mm) : 120 nm 

(3) the bottom portion of the pregroove (70 - 116mm): 125 nm 

(4) the land portion of the pregroove (70 - 1 16 mm) : 120 nm 

55 

COMPARISON EXAMPLE 6 

Using the same substrate as used in Example 14 except that the depth of the prepit was 80 nm and the 
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depth of the pregroove was 50 nm, a dye layer on the substrate, a reflecting layer and a protective layer were 
superposed in order on the substrate in the same nianner as described in Example 14. Thus, an infomiation 
recording medium was prepared. The resulting dye fayer had thicknesses as descnbed below. 
(1)the bottom portion of the preplt (47 . 70 mm) : 125 nm 
5 (2)the portion between the prepits (47 - 70 mm) : 120 nm 

(3) the bottom portion of the pregroove (70 - 1 16mm): 125 nm 

(4) the land portion of the pregroove (70 - 1 16 mm) : 120 nm 

EXAMPLE 19 

10 

Using the same substrate as used in Example 14, a dye layer was formed on the subsfrate in the same 
manner as descnbed in Example 14 except for using a dye solution having been prepared by dissolving the 
dyes (I) and (IV) in a mixture solvent of 2,2,3,3-tetrafluoropropanoi 68 ml. ethyl cellosolve 25 ml and tet- 
rachloroethane 7 ml, and then a reflecting layer and a protective layer were superposed in order on the dye 
15 layer in the same manner as described in Example 14, Thus, an infonmation recording medium was prepared. 
The resulting dye layer had thicknesses as described below. 

(1) the bottom portion of the prepit (47 - 70 mm) : 125 nm 

(2) the portion between the prepits (47 - 70 mm) : 115 nm 

(3) the bottom portion of the pregroove (70 - 1 16mm): 125 hm 
20 (4)the land portion of the pregroove (70 - 116 mm) ; 1 1 5 nm 

EXAMPLE 20 



Using the same substrate as used in Example 14, a dye layer was formed on the substrate in the same 
25 manner as descnbed in Example 14 except for using a dye solution having been prepared by dissolving the 
dyes (I) and (IV) in a mixture solvent of 2,2,3.3-tetrafluoropropanol 70 ml, ethyl cellosolve 20 ml and tet- 
rachloroethane 10 ml, and then a reflecting layer and a protective layer were superposed in order on the dye 
layer in the same manner as described in Example 14. Thus, an Infomiation recording medium was prepared. 
The resulting dye layer had thicknesses as described below. 
30 (1)the bottom portion of the prepit (47 - 70 mm) : 125 nm 

(2)the portion between the prepits (47 - 70 mm) : 110 nm 

— -{^)^&'bQmim porliforr of ih&^^ 

(4)the land portion of the pregroove (70 - 1 1 6 mm) : 1 1 0 nm 

35 EXAMPLE 21 

Using the same substrate as used in Example 1 4 except that the depth of the prepit was 1 70 nm and the 
depth of the pregroove was 80 nm. a dye layer was fonmed on the substrate in the same manner as described 
in Example 14 except for using a dye solution having been prepared by dissolving the dyes (I) and (IV) in a 
40 single solvent of 2.2.3,3-tetraf!uoropropanol 100 ml, and then a reflecting layer and a protective layer were 
superposed in order on the dye layer in the same manner as described in Example 14. Thus, an infomiation 
recording medium was prepared. The resulting dye layer had thicknesses as descnbed below. 

(1) the bottom portion of the prepit (47 - 70 mm) : 135 nm 

(2) the portion between the prepits (47 - 70 mm) : 95 nm 

45 (3)the Ixsttom portion of the pregroove (70 - 116mm): 125 nm 

(4)the land portion of the pregroove (70-116 mm) : 95 nm 

COMPARISON EXAMPLE 7 

so Using the same substrate as used in Example 14, a dye layer was formed on the subsfrate in the same 

manner as described in Example 14 except for using a dye solutton having been prepared by dissolving the 
dyes (I) and (IV) in a mixture sohrent of 2,2,3.3-tetrafluoropropanol 45 ml. ethyl cellosolve 40 ml and tet- 
rachloroethane 15 ml, and then a reflecting layer and a protective layer were superposed in order on the dye 
layer in the same manner as descnbed in Example 14. Thus, an infbmnation recording medium was prepared. 

55 The resulting dye layer had thicknesses as described below. 

(1) the bottom portion of the prepit (47 - 70 mm) : 125 nm 

(2) th6 portion between the prepits (47 - 70 mm) ; 105 nm 

(3) tha bottom portion of the pregroove (70 - 1 16mm): 125 nm 

30 
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{4)the land portion of the pregroove (70 - 116 mm) : 105 nm 
EXAMPLE 22 

5 Using the same substrate as used in Example 1 4 except that the depth of the prepit was 140 hm and the 

depth of the pregroove was 60 nm» a dye layer was formed on the substrate in the same manner as described 
in Example 14 except for using a dye solution having been prepared by dissolving the dyes (I) and (IV) in a 
mixture solvent of 2,2.3,3-tetrafluoropropanol 45 ml, ethyl cellosolve 40 ml and tetrachloroethane 15 ml ethyl 
ceilosolve 40 ml and tetrachloroethane 15 ml, and then a reflecting layer and a protective layer were superposed 

10 in order on the dye layer in the same manner as described in Example 14. Thus, an information recording 
medium was prepared. The resulting dye layer had thicknesses as described below. 

(1) the k>ottom portion of the prepit (47 - 70 mm) : 130 nm 

(2) the portion between the preplts (47 - 70 mm) : 105 nm 

(3) the t)ottom portion of the pregroove (70 - 1 16mm): 1 25 nm 
IS (4)the land portion of the pregroove (70 - 1 16 mm) : 1 05 nm 

EXAMPLE 23 

Using the same substrate as used in Example 14 except that the depth of the prepit was 180 nm and the 
depth of the p>regroove was 95 nm, a dye layer was fonmed on the substrate in the same manner as descrit>ed 
in Example 14 except for using a dye solution having been prepared by dissolving 1.75 g of a dye (II) as des- 
cribed below and 0.175 g of the dye (IV) in a single solvent of 2,2.3,3-tetrafluoropropanol 100 ml, and then a 

reflecting-laysr-and-a-protectrw's-laysr-wera superposed-in-orderon the^dye !ay^^^ 

cribed in Example 14. Thus, an information recording medium was prepared. The resulting dye layer had 
thicknesses as described beiow. 

(1) the tjottom portion of the prepit (47 - 70 mm) : 145 nm 

(2) the portion between the prepits (47 - 70 mm) : 100 nm 

(3) the bottom portion of the pregroove (70 - 1 16mm): 140 nm 
<4)the land portion of the pregroove (70-116 mm) : 100 nm 



35 



40 




EXAMPLE 24 

45 Using the same substrate as used in Example 1 4 except that the depth of the prepit was 250 nm and the 

depth of the pregroove was 165 nm. a dye layer was fonmed on the substrate in the same manner as described 
in Example 14 except for using a dye solution having been prepared by dissolving 2.6 g of a dye (III) as des- 
cribed below and 0.26 g of the dye (IV) in a single solvent of 2,2,3,3-tetrafluoropropanol 100 ml, and then a 
reflecting layer and a protective layer were superposed in order on the dye layer in the same manner as des- 

so cribed in Example 14. Thus, an information recording medium was prepared. The resulting dye layer had 
thicknesses as described below. 

(1) the bottom portion of the prepit (47 - 70 mm) : 210 nm 

(2) the portion between the prepits (47 - 70 mm) : 120 nm 

(3) the bottom portion of the pregroove (70 - 1 16mm): 200 nm 
55 (4)the land portion of the pregroove (70 - 1 16 mm) ; 120 nm 
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10 





CH=C9-C=CH*CH^ 



ClO^ 



15 



20 



EXAMPLE 25 

Using the same substrate as used in Example 14 except that the depth of the prepit was 105 nm and the 
depth of the pregroove was 30 nm, a dye layer was fbmied on the substrate in the same manner as described 
in Example 14 except for using a dye solution having been prepared by dissolving the dyes (I) and (IV) in a 
mixture solvent of 2.2.3>letrafluoropropanol 75 ml. propylene glycol monomethyl ether 20 ml and tet- 
rachloroethane 5 ml, and then a reflecting layer and a protective layer were superposed in order on the dye 
layer in the same manner as described in Example 14. Thus, an Information recording medium was prepared 
The resulting dye layer had thicknesses as described below. 

(1)the bottom portion of the prepit (47 - 70 mm ) : 125 nm 



25 



(2) the portion between the prepits (47 - 70 mm) : 125 nm 

(3) the bottom portion of the pregroove (70 - 1 16mm): 125 nm 

(4) the land portion of the pregroovei (70 - 116 mm) : 125 nm 

EXAMPLE 26 



30 



35 



40 



45 



SO 



55 



Using the same substrate as used In Example 14 except that the depth of the pregroove was 35 nm. a dye 
layer was formed on the substrate in the same manner as described in Example 1 4 except for using a dye sol- 

75 ml, diisobutyl ketone 20 ml and tetrachloroethane 5 ml, and then a reflecting layer and a protective layer 
were superposed in order on the dye layer in the same manner as described in Example 14. Thus, an infor- 
mation recording medium was prepared. The resulting dye layer had thfcknesses as described below. 

(1) the bottom portwn of the prepit (47 - 70 mm) : 125 nm 

(2) the portion between the prepits (47 - 70 mm) : 122 nm 

(3) the bottom portwn of the pregroove (70 - 116mm): 125 nm 

(4) the land portion of the pregroove (70-116 mm) : 122 nm 

EXAMPLE 27 

Using the same substrate as used in Example 14, a dye layer was formed on the substrate In the same 
manner as described in Example 14 except for using a dye solution having been prepared by dissolving the 
dyes (I) and (IV) in a mixture solvent of 2,2,3,3-tetrafluoropropanol 75 ml, ethylcaprilate 20 ml and tet- 
rachloroethane 5 ml. and then a reflecting layer and a protective layer were superposed in order on the dye 
layer in the same manner as described in Example 14. Thus, an infbmiation recording medium was prepared 
The resulting dye layer had thicknesses as described below. 

{1)the t>ottom portksn of the prepit (47 - 70 mm) ; 125 nm 

(2) lhe portion between the prepits (47 - 70 mm) : 122 nm 

(3) the bottom portion of the pregroove (70 - 116mm): 125 nm 

(4) the land portion of the pregroove (70-116 mm) : 122 nm 

EXAMPLE 28 

Using the same substrate as used in Example 14, a dye layer was formed on the substrate in the same 
manner as described in Example 14 except for using a dye solutton having been prepared by dissolving the 
dyes (I) and (IV) in a mature solvent of 2,2,3.3-tetrafluoropropanol 75 ml, l-pentanoi 20 ml and tet- 
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rachloroethane 5 ml. and then a reflecting layer and a protective layer were superposed in order on the dye 
layer in the same manner as described in Example 14. Thus, an infonmatipn recording medium was prepared. 
The resulting dye layer had thicknesses as described below. 

(1 )the bottom portion of the prepit (47 - 70 mm) : 1 25 nm 

(2)the portion between the prepits (47 - 70 mm) : 122 nm 

{3)the bottom portion of the pregroove (70 - 116mm): 125 nm 

(4)the land portion of the pregroove (70 - 1 16 mm) ; 122 nm 

EXAMPLE 29 



Using the same substrate as used in Example 14, a dye layer was formed on the substrate in the same 
manner as described in Example 14 except for using a dye solution having been prepared by dissolving 3.25 
g of the dye (II) and 0,325 g of the dye (IV) in a mixture solvent of 2,2,3.3-tetrafluoropropanol 82 ml. ethyl cel- 
losolve 13 ml and tetrachloroethane 5 ml, and then a reflecting layer and a protective layer were superposed 
IS in order on the dye layer in the same manner as described in Example 14. Thus, an information recording 
medium was prepared. The resulting dye layer had thicknesses as described below. 

(1) the bottom portion of the prepit (47 - 70 mm) : 140 nm 

(2) the portion between the prepits (47 - 70 mm) : 135 nm 

(3) the bottom portion of the pregroove (70 - 116mm): 140 nm 
20 (4)the land portion of the pregroove (70 - 1 16 mm) : 135 nm 

Evaluatton of Informatton Recording Medium 

CD format signal was recorded on the bottom portion of the pregroove in the outside region from 72 mm 
25 in diameter of the infonnation recording medium obtained in the above using a disc-evaluation device 
(DDU1000. available from Pulsteck Co., Ltd. : NA: 0.5, laser wavelength: 780 nm) under the conditions of a 
laser power for recording signal (recording power) of 7.4 mW and a fixed linear speed of 1.4 m/sec. 

1) Modulation degree of the prepit area and the pregroove area 

Modulation degree of the prepit area was evaluated at a location of 66 mm in diameter of the medium 
30 and the that of pregroove area was done at a location of 72 mm. The signal of the medium was reproduced 

using the above device under the conditions of a laser power for reproduction of 0.5 mW and a fixed linear 
speed of 1 .4 nt/sec. A direct current reproduced signal (signal intensity) was measured in the each iocation, 
and the modulation degree (C) of the reproduced signal was detemiined from the maximum intensity and 
the minimum intensity of the reproducing signal by the following formula: 

wherein SH is a maximum intensity of the signal, and SL is a minimum intensity of the signal. 

2) Reflectance of the pregroove area 

An average voltage (Ig) of Cun-ent reproducing signal was measured on the unrecorded pregn>ove area 
40 at a location of 71 mm in diameter under reproduction of the medium. Reflectance (Ro) of a commercially 

available CD was measured in its most inside mirror area and the voltage (lo) of the min-or area was 
measured in the same manner as the above to calculate reflectance of the pregroove area of the medium 
from the following formula. 
Reflectance = (Ig/lo) x Ro x 100 
45 3) Rate of variation of push-pull signal 

The signal of the resulting recording media was reproduced using the above device, and tracking en^r sig- 
nal generated in the prepit area and pregroove area was measured. Using a maximum amplitude A and a 
minimum amplitude B obtained by the measurement in each area, the rate of variation was calculated from 
the following fonnula. 
50 Rate = 2x(A-B)/(A+B) 

The above results are set forth in Tables 3A and 3B. 
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Table 3 A 



5 








Solvent (ml) 










Atg 






Kind 


Amount (g) 


a b 


c 


d 


e f 


g 




(nm) 


(nm) 


10 


Ex. 14 


I/IV 


3.25/0.325 


75 20 


5 








110 


37 


5 


5 




Ex,15 


I/IV 


3.25/0.325 


75 20 


5 








105 


25 


5 


5 




Ex. 16 


I/IV 


3.25/0.325 


75 20 


. 5 








115 


40 


5 


5 




Ex. 17 


i/rv 


3.25/0.325 


75 20 


5 








90 


37 


5 


5 


15 


Ex. 18 


i/rv 


3-25/0.325 


75 20 


5 








110 


50 


5 


5 




Com. 5 


I/IV 


3-25/0-325 


75 20 


5 








17 0 


80 


5 


5 


20 


Com. 6 


I/IV 


3.25/0.325 


75 20 


5 








80 


16 


5 


5 




Ex. 19 


I/IV 


3.25/0.325 


68 25 


7 








110 


- 37 


10 


10 


25 


Ex.20 


I/IV 


3.25/0.325 


70 20 


10 








110 


37 


15 


15 


Ex. 21 


I/IV 


3-25/0.325 


100 










17 0 


80 


40 


30 


30 


Com, 7 


I/IV 


3.25/0.325 


45 40 


15 








110 


37 


20 


20 




Ex. 22 


I/IV 


3 .25/0.325 


45 40 


IS 








140 


60 


25 


20 




Ex.23 


II/IV 


1.75/0.175 


100 










180 


95 


45 


40 


35 


Ex. 24 


III/IV2 .65/0.265 


100 










250 


165 


90 


80 




Ex- 25 


I/IV 


3-25/0.325 


75 


5 


20 






105 


30 


0 


0 




Ex.26 


I/IV 


3.25/0.325 


75 


5 




20 




110 


35 


3 


3 




Ex.27 


I/IV 


3.25/0.325 


75 


5 




20 




110 


35 


3 


3 


$0 


Ex.28 


I/IV 


3.25/0.325 


7 5 


5 






20 


110 


35 


3 


3 




Ex.29 


II/IV 


3.25/0.325 


82 13 


5 








110 


37 


5 


5 



45 



50 
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Table 3B 



5 




1/X(nedr> 


1 /XCn=d„ 


Modulation 


Reflectance 


Push 


-pull 






-n<aAtp) 




degree (%) 


(%) • 


Pit Groove 






u . 


u . Uo 




75 


0.07 


0.08 


10 


Ex.15 


0.19 


0.03 


75 


81 


0.08 


0.05 




Ex. 16 


0.22 


0. 06 


81 


72 


0.05 


0.09 




Ex. 1 / 


0 . lb 


0 . 06 


63 


75 


0.11 


0.08 


IS 


Ex. 18 


0 .20 


0 . 08 


78 


64 


0.07 


0.11 




Com, 5 


0.33 


0.14 




32 


•0.10 


0.12 


20 


Com, 6 


0,14 


0,01 


53 


84 


0.12 


0.02 




Ex. 19 


0.19 


0 . 04 


72 


80 


0.09 


0.06 




Ex.26 


0.17 


0 . 02 


65 


84 


0.11 


0.03 


25 


Ex.21 


0 .20 


0 . 05 


77 


75 


0.07 


0 . 08 


30 


Com./ 


0,15 


0 - 00 


56 




0.12 


0.00 


C*X • 


u . iy 


0,05 


75 


77 


0.08 


0.07 




Ex-23 


0.20 


0.04 


76 


74 


0.08 


0.07 








u . Oo 


75 


79 


0.08 


0.08 


35 


Ex.25 


0.21 


0. 06 


80 


73 


0.06 


0.09 




Ex.26 


0.21 


0.06 


80 


78 


0.06 


0.09 




Ex.27 


0.21 


0.06 


80 


78 


0.06 


0.09 


40 


Ex.28 


0.21 


0.06 


80 


78 


0.06 


0.09 




Ex.29 


0.20 


0.05 


78 


72 


0.07 


0.08 



45 

a ; 2,2,3.3-tetrafluoropropanol 
b : ethyl cellosolve 
c : tetrachloroethane 
d : propylene glycol monoethyl ether 
50 e : diisobutyt ketone 
f : eth'ytcaprilate 
g : 1-pentanol 

As is apparent from the above result, the information recording media (C) satisfying the specific relation- 
ships between the depth on the preprt and its thickness of the dye layer, and between the depth on the pregroove 
55 and its thickness of the dye layer, exhibit a high modulation degree and reflectance and an excellent tracking 
property. 

Subsequently, examples 30 - 33 according to the present inventksn, parb'cutarly to the information recording 
medium (D) of emtKsdiment thereof are given below. 
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EXAMPLE 30 



10 



15 



20 



A disc-shaped polycarbonate substrate (outer diameter 120 mm, inner diameter 15 mm, thickness: 1^ 
mm) having a prepit area (haff width: 0,6 ^m, depth: 120 nm) having been recorded with EFM signal within the 
region of from 46 mm to 70 mm in diameter and within the region of from 1 16 mm to 1 18 mm in diameter, and 
having a pregroove area (half width: 0.45 \in\, depth: 45 nm) within the region of from 42 mm to 46 mm in diame- 
ter and within region of from 70 mm to 1 16 mm in diameter was prepared. 

Separately, a dye (I) having the following fonmula was dissolved In propylene glycol monoethyl ether to 
prepare a dye solution containing 2.4 wt% of the dye (1). 



Dye (I) 




(CH=cH) 2-cH=r 

I 
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Thus ot)telne^^^^ 

The dye solution was kept at 23 •C, and the dye solution was coated over the above-mentioned substrate 
having a temperature of 23 <*C by means of spin coating under the rotation of the substrate at 200 r.p.m. for 4 
seconds. Then, the coated layer of the solution on the substrate was dried under the rotation of the substrate 
at 700 r.p.m. for 30 seconds, to fonm a dye layer on the substrate. The optical fiinvlhickness of the dye layer 
on the bottom portion of the prepit was 360 nm, and the optical thickness thereof on the portion between prepits 
was 320 nm. 

On the dye layer was fonmed a reflecting layer made of Au having a thickness of 1 00 nm by means of DC 
sputtering of Au under the conditions of an electric power of 480 W, a target-subslrate distance of 95 mm. a 
gas pressure of 2 Pa and a rate of 2 nm/sec 

Then, on the reflecting layer was coated a UV-curable resin (trade name: 3070. available from Three Bond 
Co., Ltd.) by means of spin coating at 1.500 r.p.m., to fonn a protective layer having a tiiickness of 2 \xm on 
the reflecting layer. 

Thus, an information recording medium consisting of a substrate, a dye recording layer, a reflecting layer 
and a protective layer was prepared. 

The obtained infonmation recording medium was evaluated by the following evaluatkin methods. As a 
result, the modulation degree of the prepit area was 68 %. the reflectance of the prepit area was 84 %, and the 
modulatksn degree of the pregroove area was 64 %. 

Further, signal existing all over the area of the infomiatlon recording medium was capable of being repro- 
duced by commercially available reproducing machines such as a CD-ROM player. 

Evaluation of Information Recording Medium 

Signal was recorded on the bottom portion of the pregroove of the infonnation recording medium obtained 
in the above using a disc-evaluation device (NA: 0.5, laser wavelengtii: 780 nm) and EFM encoder (KEN- 
WOOD) under the conditions of a laser power for recording signal (recording power) of 6 mW and a fixed linear 
speed of 1.3 m/sec 

1) Thickness of the dye layer on the bottom portion of the prepit and on the portion between prepits 

An absolute tiiickness of the dye layer was measured through observation of a section of the recording 
medium using an electron microscope of ultra-high resolution (S900, produced by Hitachi, Ud.). 

2) Modulation degree of the prepit area A direct cuoent reproduced signal (signal intensity) having a record- 
ing length of 1 1T out of the recorded CD fomiat signal was measured in the signal portion and the min-or 
portion (i.e., non-signal portion), and ttie nruxJulation degree (C) of the reproduced signal was determined 
from the maximum intensity and the minimum intensity of the reproducing signal by the following formula* 
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wherein SH is a maximum intensity of the signal, and SL is a minimum intensity of the signal. 
3) Reflectance of the prepit area 

The vaJue of SH in the above evaluation method 2) was compared with that of an infomnation recording 
medium having known reflectance, and then subjected to calibration. 
5 4) Modulation degree of the pregroove portion 

The signal reproduced from the area recorded with information was subjected to the same evaluation 
method as the above evaluation method 2), to measure the modulation degree of the reproduced signal 
on the pregroove area. 

10 EXAMPLE 31 

The procedures of Example 30 were repeated except for using the same disc-shaped polycartxsnate sub- 
strate as that of Example 34 except that the prepit area was formed within the region of from 46 mm to 70 mm 
in diameter and the pregroove are was formed within the region of from 70 to 116 mm in diameter, to prepare 
IS an tnfomrration recording medium. 

In the obtained information recording medium, a rrxxiulation degree of the prepit area, a reflectance of the 
prepit area and a modulation degree of the pregroove area were the san>e as those of the information recording 
medium obtained In Example 30. 

Also, signal existing all over the area of the information recording medium was capable of being reproduced 
20 by commercially available reproducing machines such as a CD-ROM player. 

EXAMPLE 32 

The procedures of Example 30 were repeated except for using the same disc-shaped polycart>onate sut>- 
25 strate as that of Example 34 except that the prepit area was formed within the region of from 50 mm to 70 mm 
in diameter and the pregroove area was formed within the region of from 46 to 70 mm in diameter (i.e., region 
wherein control information of tiie area of 70 - 1 18 mm in diameter is to be additionally recorded) and within 
the region of from 70 mm to 118 mm, to prepare an information recording medium. 

In the obtained information recording medium, a modulation degree of the prepit area, a reflectance of the 
30 prepit area and a modulation degree of the pregroove area were the same as those of the information recording 
medium obtained in Example 30. 

Also, signal existing all over the area of the information recording medium was capable of being reproduced 
by commercially available reproducing machines such as a CD-ROM player. 

35 EXAMPLE 33 

The procedures of Example 30 were repeated except for using the same disc-shaped polycartxinate sut>- 
strate as that of Example 30 except tiiat the prepit area was formed within the region of from 46 mm to 1 18 
nrun in diameter and the pregroove area was formed within the region of from 44 to 46 mm in diameter, to prepare 
40 an information recording medium (a). 

Further, the procedures of Example 30 were repeated except for using the same disc-shapied polycarbo- 
nate sut>strate as that of Example 30 except that the pregroove area was formed within the region of from 46 
to 1 1d mm in diarrteter, to prepare an information recording medium (b). 

In each of the obtained information recording media (a) and (b), a modulation degree of the prepit area, a 
4$ reflectance of the prepit areia and a modulation degree of the pregroove portion were the same as those of the 
information recording medium obtained in Example 30. 

Also in each case, signal existing all over the area of the information recording medium was capable of 
being reproduced by comrr»ercialiy avaOable reproducing machines such as a CD-ROM player. 

The information recorded on the prepit area of the information recording medium (a) was copied onto the 
so pregroove area of the information recording medium (b) using a reproducing and copying machine capable of 
copying from digital to digital. In the stage of reproducing the information from the information recording medium 
(a), a system was incorporated into the machine such a manner that tiie -information was able to be copied by 
means of a digital-to-^igital copy. After copy of the information was permitted, the medium was designed such 
a manner that signal of 3T were recorded on the area of 45 mm In diameter, and ttien copy of information was 
55 started. As a result, any other copy from the information recordirig medium (a) was impossible. 
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Claims 

1. An information recording medium comprising a disc-shaped substrate provided with a prepit area contain- 
ing prepits and a pregroove area containing a pregroove, and a reflecting layer made of a metal which is 

5 provided on the dye layer, wherein the dye layer is a continuous layer fomned on both the prepit area and 

the pregroove area, and the prepit area has a modulation degree not less than 50 %. 

2. The Information recording medium as claimed in daim 1, wherein difference between an optical thickness 
of the dye layer on the bottom portion of each of the prepits and that of the dye layer on the portion between 

10 the adjoining prepits is not mora than XfB, X being a wavelength of a reproducing laser beam. 

3. The information recording medium as claimed in dalm 1, wherein each of the prepits has a half width of 
0J2 to 1.4 jtm and a depth of 150 to 400 nm, and the total optical path of an optical path of the substrate 
and that of the dye layer on the bottom portion of each of the prepits is longer than the total optical path 

15 of an optical path of the substrate and that of the dye layer on the portion between the adjoining prepits 

by not less than X/S, X being a wavelength of a reproducing laser beam. 

4. The infomiation recording medium as dalmed in daim 1, wherein difference between an optical thickness 
of the dye layer on the bottom portion of the pregroove and that of the dye layer on a land portion thereof 

20 is not more than X/S, X being a wavelength of a reprodudng laser beam. 

5. The information recording medium as daimed in daim 1, wherein each of the prepits has a half width of 
0.2 to 1.4 nm^nd a depth of 1 50 to 4O0 nm; the pregipoye hasa half width of 0 J2 to 1 .4 jim and a depth 
of 70 to 200 nmy the pregroove by not less than 
X/8 (X Is a wavelength of a reproducing laser beam) In terms of optical path: and the total optical path of 
an optical path of the substrate and that of the dye layer on the Ixjttom portion of each of the prepits is 
longer than the total optical path of an optical path of the substrate and that of the dye layer on the portion 
between the adjoining prepits by not less than XfQ {X is the same as defined atxsve). 

The infonmation recording medium as daimed in daim 1, wherein the prepit area is divided into two areas 
which are arranged in t>oth sides of the pregroove area. 

The Infonmation recording medium as daimed in daim 1, wherein the pregroove area Is divided into two 
areas which are arranged in both sides of the prepit area. 

The infonmation recording medium as claimed in claim 1, wherein the prepit area and the pregroove area 
both are divided into two more areas, respectively, and the divided prepit areas and pregroove areas are 
arranged in side by side. 

The information recording medium as daimed In daim 1 , wherein the relationship between a depth of each 
of the prepits and thickness of the dye layer in the prepit area satisfies the following formula (I): 

O.ISX S n,dp - n^Atp ^ 0JZ4X (I) 
and the relationship between a depth of the pregroove and thickness of the dye layer in the pregroove 
area satisfies the following fonmula (II): 

0.02X IS n,dg - HtfAtg ;S 0-08X (II) 
in which n, represents a refractive index of the substrate, n^ represents a refractive index of the dye layer, 
dp represents a depth of each of the prepits, Atp represents difference between thickness of the dye layer 
on the bottom portion of each of the prepits and that of the dye layer on the portion between the adjoining 
prepits, da represents a depth of the pregroove, Atg represents difference between thickness of the dye 
layer on the bottom portion of the pregroove and that of the dye layer on a land portion, and X represents 
a wavj3length of a reproducing laser beam. 

A process for the preparation of an infonmation recording medium comprising the steps of: 

coating a substrata provided with a prepit area containing prepits and a pregroove area containing 
a pregroove with a dye solution having a concentration limit of 99 to 20 % prepared by dissolving a dye 
in a soh^ent by means of spin coating, the concentration limit being defined as a ratio of a volume of a dye 
suspension when the dye of the dye solutwn starts to precipitate through evaporatbn of the solvent from 
the dye solution at the coating temperature to an Initial volume of the dye solution; 
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drying the coated layer to form a dye layer in which a difference between an optica! thickness of 
the dye layer on the bottom portion of the prepit and that of the dye layer on the area between the adjoining 
prepits when the substrate is provided with the prepits» X being a wavelength of a reproducing laser beam- 
and 

then providing a reflecting layer made of a metal on the dye layer. 

The process for the preparation of an information recording medium as claimed in claim 8, wherein the 
dye layer is provided such a manner that difference between an optical thickness of the dye layer on the 
bottom portion of the pregroove and that of the dye layer on the land portion is not more than X/8. X being 
a wavelength of a reproducing laser beam. 
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FIG. 3 
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FIG. 5A 
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FIG. 10A 
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